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This study examines the behavior of the Stock Exchange of Singapore (SES) 
in the context of the effects of 1997 Asian financial crisis. A sample of daily data 
from 1st January 1991 to 31st December 2004 and a sample of weekly data from 1st 
January 1990 to 15th July 2005 are utilized.  In both cases, the sample period is 
divided into three sub-periods, namely; the pre-Asian crisis period, the financial crisis 
period and the post-Asian crisis period, so as to capture the effects of the 1997 Asian 
financial crisis on the behavior of SES.  The main objectives of the study are to 
analyze the stock market anomalies, stock market volatility, and stock market 
integration in the face of the effects of Asian financial crisis. 
Two important stock market anomalies, the day-of-the-week effect and the 
monthly effect, are examined in chapter two. The presence of Autoregressive 
Conditional Heteroskedasticity (ARCH) effect indicates the inadequacy of the 
Ordinary Least Square (OLS) method to analyze the day-of-the-week effect. Thus, the 
Generalized ARCH (GARCH)-family models are employed in the investigation. The 
findings of this study reveal the presence of the day-of-the-week effect during the 
entire sample period and all the sub-periods except the financial crisis period. 
However, our results indicate that the day-of-the-week effect has significantly 
declined in Singapore market. These findings imply that the seasonal anomalies tend 
to disappear in the long-run since investors exploit these opportunities. Furthermore, 
the time-varying volatility in the day-of-the-week effect is also examined using a 
GARCH(1,1) model. This model indicates the presence of high volatility on Monday 
and significant negative volatility on Friday.  
The monthly effect is examined using the OLS regression model. The study 
cites evidence for no significant monthly effect in SES in the recent years. 
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Furthermore, this analysis indicates that there has also been a reversal monthly effect 
in Singapore market.  
The effects of the 1997 Asian financial crisis on stock return volatility of the 
SES is analyzed in chapter three using the GARCH(1,1), TGARCH(1,1), 
EGARCH(1,1) and GARCH-M(1,1) models.  The results of these models indicate that 
stock market volatility during the pre-crisis period is significantly lower than that of 
the other periods. This implies that the 1997 Asian financial crisis resulted in a 
significant increase in stock market volatility. Moreover, all these models are re-
estimated with three dummy variables to represent each sub-period. The results of the 
latter models also confirm the above results. Uncertainty of price, lower market 
transparency, and lower investor protection might have caused high volatility during 
and after the Asian financial crisis period. The results of TGARCH(1,1) and 
EGARCH(1,1) models indicate the presence of a leverage effect in the SES.  
 The long-run relationship and short-run dynamics between the SES and the 
stock markets of the other (Newly Developed Countries) NDCs are investigated using 
weekly stock price indices of the countries.  The Johansen multivariate cointegartion 
model indicates the presence of a long-run relationship between these stock markets 
for the entire sample period and all the sub-periods except for the pre-Asian crisis 
period. The findings reveal the importance of these countries to diversify investment.   
The findings of this study offer useful information to investors and policy 
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1.1 An overview of the Issues 
The deepening and the level of sophistication of modern financial markets is 
arguably a recent phenomenon. Due to competitive rates of return and overall benefits 
for portfolio diversification the emerging markets (Singapore, Thailand, Malaysia, 
India, Sri Lanka, etc.,) are considered to be an attractive source of investment 
opportunity for foreign investors. Over the past ten years, the total value of stock 
listed in all of the world’s stock market rose from $4.7 trillion to $15.2 trillion, while 
the share of total world capitalization represented by the emerging markets jumped 
from less than 4% to almost 13%. Trading in the emerging markets also increased; the 
value of shares traded climbed from less than 3% of the world total in 1985 to 20% in 
2004. Hence, stock markets have long played an important role in economic life. 
Moreover, the phenomenal growth in emerging stock markets has provided a new 
avenue for international portfolio investors who consider these markets as 
diversification tools and potential sources of high returns. 
  Many researchers have mainly focused on the behavior of developed stock 
markets (see Eichengreen and Tong (2003), Amihud and Mandelson (1987), Stoll and 
Whaley (1990)). The attention of the researchers on the emerging stock markets is 
comparatively low. The main reason for lack of attention on emerging stock market is 
the lack of available information about these stock markets. However, the basic 
characters of the emerging stock markets such as high market volatility, high 
transaction cost, dramatic currency swings, unpredictable economic growth, 
uncertainty in exchange rate, economic and political instability and illiquidity, 
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emphasize the investing in these markets needs to be approached with caution. 
Further, globalization and development of information technology have contributed to 
increase the importance of worldwide factors in determining changes in stock prices 
and have made international stock markets more correlated. Therefore, global or 
regional economic and financial instability can badly affect a country’s financial 
market development process and it can be transmitted to other countries easily. Since 
emerging stock markets are frequently characterized by four major risks such as 
political risk, absolute risk, portfolio risk and business risk the impacts of global or 
regional crisis on stock markets of these countries are worse. Therefore, research on 
emerging stock markets is very important, especially for investors and policy makers 
since these markets in transition, increase in size activity or level of sophistication and 
are less known to the world and potential investors who may be interested in 
diversifying their portfolio globally.  
Singapore, with its history of share trading for over one hundred years, has 
one of the oldest exchanges in the world. The Singapore stock market knows as Stock 
Exchange of Singapore, is one of the fastest growing emerging stock markets in South 
East Asia that attract the attention of many investors due to the high returns on stocks. 
In 1819, Sir Stamford Raffles founded Singapore as a trading post for the British East 
India Company. The Singapore and Malaysian markets started off as a single stock 
market. It remained as one single entity, even after Singapore separated from 
Malaysia in 1965, and continued to operate for some years as a single market with 
two trading floors, one in Singapore and the other in Kuala Lumpur. Only in 1973, 
when the interchangeability of currencies between the two countries was terminated, 
did the two stock markets legally separate. The Stock Exchange of Singapore Limited 
was incorporated on 24th May 1973 and it commenced operations as a separate 
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exchange on 4th June 1973. It is the only corporate body approved by the Minister for 
Finance to operate a stock market of a security exchange in Singapore under the 
provisions of the Security Industry Act. Following the country’s independence, the 
role of the private sector in the overall economic activity has increased. A dynamic 
and competitive private sector and efficient equity markets are the main key factors in 
economic growth. Importantly, the ideological change in the economic policy 
structure of the country necessitates the important role of the capital market in 
economic development. Therefore, various reforms have been implemented towards 
the development of a modern and efficient capital market in Singapore. Changing the 
tax system, relaxation of exchange controls, privatization of publicly owned 
enterprises and removal of restrictions on repatriation of profits have contributed to 
the development of the capital market in Singapore. In light of these policy changes, 
the most significant step was the opening up of the share market to foreign investors. 
These policy changes led the market to achieve a remarkable growth in share market 
activities in the region. Consequently, the Stock Exchange of Singapore (SES) was 
identified as one of the fastest growing stock markets. Within Asia, Singapore stock 
market was the 6th biggest stock market measured by market capitalization of 
domestic companies as of 31st December 1999. As of 31st December 1999, the SES 
was the world’s twentieth largest stock market by total market capitalization of listed 
companies (Fact book, various editions).  
   The 1997 Asian financial crisis that surfaced in 1996 and peaked in the late 
1997 has badly affected most Asian economies, especially the equity markets of 
South East Asian countries. Beginning in the second half of 1997, many Asian 
countries experienced significant adverse economic developments, including 
substantial depreciation in currency exchange  rates, increased interest rates, reduced 
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availability of credit from banks and other financial institutions, reduced economic 
growth rate, corporate insolvencies and declines in market values of shares listed on 
stock exchanges, real property and other assets. Singapore is generally dependent on 
the economies of Asia, and in particular those of Southeast Asia. Hence, Singapore 
also suffered adverse economic developments during this period. Although the effects 
of such developments have generally been less in Singapore than those experienced in 
other Asian countries, the total market capitalization of companies listed on the 
security market declined by approximately 27.1% between 30th September 1997 and 
30th September 1998, while trading volume on the security market in 1998 declined 
by 13.7% in comparison to 1997. Further, adverse economic developments in 
Singapore or other Southeast Asian or East Asian countries could adversely affect the 
economic performance of companies listed on the security market, which could have 
a material adverse effect.  
The relationship between stock market development and economic 
development is considerable. Since the 1997 Asian financial crisis has badly affected 
the development of stock markets especially in South East Asian region, the economic 
development of these economies were in turn badly affected. Since the 1997 Asian 
financial crisis has badly affected the economic and financial activities in the region, 
the research in impacts of the 1997 Asian crisis on stock market activities are limited. 
The impacts of the 1997 Asian financial crisis on Singapore stock market, one of the 
rapidly growing emerging markets in the South East Asian region has not been 
comprehensively studied compared to other emerging markets in the region as well as 
in the world.  It is important to examine the stock market behavior especially by 
considering regional and global crisis since it reveals a good picture about stock 
market so as to attract more investors as well as it contributes to portfolio 
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diversification. Furthermore, research on this area may help government to implement 
suitable policies so as to overcome bad impacts of any crisis.  Therefore, this study 
attempts to investigate the Singapore stock market’s behavior, taking into account the 
effects of the 1997 Asian financial crisis on stock market activities. 
 
1.2 Objectives of the Thesis 
  This study empirically analyzes the behavior of one of the emerging stock 
markets, the SES, by considering the effects of the 1997 Asian financial crisis. Three 
main objectives underline this study.  
1.  The first objective of this study is to examine the stock price anomalies in 
the SES and analyze the effect of the 1997 Asian financial crisis on stock 
market anomalies. The day-of-the-week effect and the monthly effect, 
which are two main stock market anomalies, are analyzed in this study.  
2. The second objective of this study is to investigate the stock return 
volatility of the SES by considering the effects of the 1997 Asian financial 
crisis on stock return volatility. Furthermore, this study examines the 
presence of the leverage effect in the SES.  
3. The third objective of this study is to analyze the long-run relationship and 
short-run dynamics between the SES and the stock markets of other Newly 
Developed Countries (NDCs) taking into account the effect of the 1997 
Asian financial crisis on stock markets integration.  
 
1.3 Significance of the Study 
Stock market development contributes to the economic growth of a country in 
several ways. More developed equity market may provide liquidity that lowers the 
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cost of the foreign capital, and generate information about the innovation activity of 
entrepreneurs (King and Levine, 1993b) or the aggregate state of technology 
(Greenwood and Jovanovic, 1990) that caused for high economic growth. 
Furthermore, financial markets mobilize savings in an efficient way, contribute to 
global risk diversification and increase specialization which requires lower transaction 
cost that leads high economic growth. Therefore, a study on stock market behavior is 
important for high economic growth. Hence, the overall contribution of this study 
positively affects the economic growth, since careful investigation of stock price 
behavior provides useful information to investors to allocate their portfolio efficiently 
and policy makers to adjust existing policies or implement new policies so as to 
attract more investments.  
The 1997 Asian financial crisis might be expected to have negative effects on 
financial markets in countries such as Singapore, Taiwan, Korea, and Hong Kong 
since financial crisis in one country results in a generalized increase in uncertainty in 
the world financial markets. So, investors and policy makers expect increased 
volatility in financial markets in non-crisis countries, which usually results in lower 
(risk-adjusted) returns. Further, the countries in which the 1997 Asian crisis started 
and were affected are important markets for NDCs’ exports. Therefore, financial 
crisis in one country can be easily transmitted to other countries, especially in the 
same region. This may badly affect the stock price and investment decisions. Hence, 
the analysis of stock market behavior, taking into account of the effects of the 1997 
Asian financial crisis will be useful for implementation of new policies and portfolio 
diversification. However, previous research on this area is limited, so this study has a 
significant contribution to the financial market literature.  
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Understanding the stock market anomalies is important for portfolio 
diversification since the existence of the day-of-the-week effect violates the weak 
form of market efficiency. Similarly, Examination of the stock returns volatility is 
important since risk premium is related to such volatility. Volatility and the cost of 
capital have a positive relationship; studying this relationship would be beneficial to 
investors and other financial decision makers, to make investment decision effectively 
after determination of cost of capital. Financial markets are highly interdependent 
with each other because of rapid globalization and liberalization. Even though the 
literature on cointegration relationships among world equity markets is widely 
available, it is hard to find any study which examines the interdependencies between 
the SES and other stock markets in NDCs including the effects of the 1997 Asian 
financial crisis. However, the researches on consequences of the 1997 Asian financial 
crisis on Singapore stock market, anomalies volatility and cointegration are limited. 
Therefore, this study attempts to fill this gap. This study provides useful information 
for investors to allocate their portfolio according to current situation, since recent data 
are employed in this study.  
 
1.4 Structure of the Thesis 
The thesis comprises of five chapters. Chapter one commences with an 
introduction highlighting an overview of issues as well as the objective and 
significance of the study.  
Chapter two discusses the stock market anomalies in the SES. The day-of-the 
week effect and the monthly effect are examined in this chapter by considering the 
effect of the 1997 Asian financial crisis. This chapter consists of a brief introduction 
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about the stock market anomalies, literature review, methodology, results and 
discussion, and conclusions. 
 In chapter three, the effect of the 1997 Asian financial crisis on stock return 
volatility is discussed. The first part of the chapter three contains a brief introduction 
about stock market volatility. Literature about stock market volatility is discussed in 
second part of this chapter. In third part of this chapter the statistical properties of 
stock returns of the SES are discussed to identify the appropriate methodology. Fourth 
and fifth parts of this chapter contain empirical results and the conclusions 
respectively.  
The degree of equity market integration between the SES and the stock 
markets of NDCs is examined in chapter four. This chapter also contains a brief 
introduction, a literature review, results and discussion, and conclusions.  
Chapter five contains the overall conclusions of this study, policy implications, 














Security Price Anomalies in the Stock Exchange of Singapore  
2.1 Introduction 
Seasonal patterns or calendar effects in stock prices have been of great 
importance to financial scholars and practitioners. Many stock price anomalies were 
documented by the pioneering work of Fama (1965) and Cross (1973). The day-of-
the-week effect and the monthly effect are well-known seasonal anomalies among 
other stock market anomalies.  
One of the most thoroughly researched1 stock market anomalies and one of the 
significant patterns that may be identified in the stock markets are the day-of-the-
week effect in stock markets. Likewise day-of-the-week volatility effects in the stock 
markets are also important to get clear picture about the day-of-the-week effect. 
According to this phenomenon, the average daily returns of the markets are not equal 
for all the days of the week, as well as the volatility effect which is also not equal for 
all the days of the week. The day-of-the-week effect is a phenomenon that constitutes 
a form of anomaly of the efficient capital markets theory. In an efficient stock market, 
stock prices reflect all information so that investors can make only normal profits. 
Therefore, investors in an efficient stock market cannot earn abnormal returns by 
exploiting the day-of-the-week effect to buy shares on the low-return Monday and to 
sell shares on the high-return on Friday. 
  There are several concepts about the day-of-the-week effect. The most 
satisfactory explanation is that Monday returns are negative while those on Fridays 
tend to be higher.  This weekend effect may be caused by bad news arriving more 
                                                 
1 Rogalski, (1984) examines the stock market anomalies of U.S stock market, Dubois and Louvet 
(1996) examined the day-of-the-week effect for the French, U.S, U,K, German, Japnese, Australian and 
Swiss stock markets.  
 10
often after the Friday closing of stock markets as was argued by Damodaran 
(1989).This unfavorable news influences the decisions of the investors negatively, 
causing them to sell on Monday. This is an occurrence in the U.S. stock markets. 
Similar patterns have been found in most of the capital markets. In other words, the 
stock exchange market starts downwards and ends upwards. Another explanation of 
the weekend effect is that the Tuesday effect is also negative (see Condoyanni et al. 
(1987), Solnik and Bousqet (1990), Aggarwal and Rivoli (1989), Ho (1990) Wong et 
al. (1992)). The reason for negative returns on Tuesday is that bad news arrives in the 
weekend, which negatively influences some markets with a one day lag.   
Another important stock market anomaly is the monthly effect. There exists 
quite a debate in the literature about the monthly effect. Most researchers have 
documented that the average returns in the month of January is higher than in any 
other month of the year (Choudhry, (2001), Mehdian and Perry (2002), Nassir and 
Mohammad (1987)). This phenomenon is known in financial literature as the January 
effect. The January effect occurs because many investors try to sell stocks right before 
the end of the year in order to claim a capital loss for tax purposes. Once the tax 
calendar rolls over to the New Year on 1st January these same investors quickly 
reinvest their money in the market, causing stock prices to rise. Although the January 
effect has been observed numerous times throughout history, it is difficult for 
investors to profit from it since the market as a whole expects it to happen and 
therefore adjusts its prices accordingly. 
These effects or anomalies have been regarded as strong evidence against the 
efficient market hypothesis in financial economics. If stock prices are predictable then 
it is evidence against the efficient market hypothesis, and the predictability would 
provide useful information to investors regarding their investment decisions as 
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seasonality is an important factor of predictable behaviors in stock returns. 
Furthermore, if an anomaly exists in the market, the investors can take advantage by 
adjusting their buying and selling strategies accordingly to increase their returns. 
Therefore, the stock market anomaly is an important concept which should be 
analyzed to gain a better understanding about stock prices and returns behavior that 
lead to better portfolio allocation. However, research about stock market anomalies in 
the SES is limited; it is especially hard to find research that has focused on the effects 
of the Asian financial crisis on stock markets anomalies in the SES. The objective of 
this chapter is, thus to examine the most important stock market anomalies, the-day-
of-the-week effect and the monthly effect, taking into account the effects of the Asian 
financial crisis. Based on this objective this study investigates whether these two 
seasonal anomalies still exist in the Singapore stock market. Furthermore, this 
analysis attempts to figure out whether the 1997 Asian financial crisis has 
significantly affected to change the seasonal anomalies. 
The remaining sections of this chapter are organized as follows. Section 2.2 
reviews literature about stock market anomalies, especially the day-of-the-week effect 
and the monthly effect. The day-of-the-week effect is discussed in section 2.3 under 
three sub-sections. The characteristics of the data are discussed in sub-section 2.3.1. 
The methodologies that used to analyze the day-of-the-week effect are discussed in 
sub-section 2.3.2.  The empirical findings of the day-of-the-week effect are discussed 
in sub-section 2.3.3. The monthly effect is discussed in section 2.4. Section 2.4 also 
consists of three sub-sections. The characteristics of the data are discussed in sub-
section 2.4.1 and the methodology used to examine the monthly effect is presented in 
sub-section 2.4.2. The empirical findings of the monthly effect are discussed in sub-
section 2.4.3.  The conclusions are presented in section 2.5.  
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2.2 Literature Review 
Predictable anomalies become uneasy partners with the efficient market 
hypothesis. The anomalies are often explained away when any economic significance 
gained is lost in the transaction costs and high risk. Therefore, stock market anomalies 
is a useful concept that examined by many researchers. Some researchers have 
investigated the presence of the day-of-the-week effect in developed stock markets. 
Rogalski (1984) employed regression techniques and used both the Dow Jones 
Industrial Average (from October 1974 to April 1984) and the Standard & Poor (S&P) 
500 (from December 1979 to December 1984) to examine the day-of-the-week effect 
by defining Monday returns as those occurring between Monday’s opening and close 
rather than from Friday’s closing.  
The seasonal effect on two different returns, nominal vs. real (inflation 
adjusted) of the Tel Aviv stock exchange in Israel, was examined by Lauterbach and 
Ungar (1995), using the daily data for the period of January 1977 to January 1992.  
Dubois and Louvet (1996) re-examined the day-of-the-week effect for the 
French stock market along with other markets such as the U.S., U.K., German, 
Japanese, Australian and Swiss markets, during the period of 1969-1992 using 
standard statistical approaches and moving averages.  
Wang et al. (1997) examined the weekend effect of the U.S. stock market. 
They used   NYSE-AMEX, the NASDAQ equally-and value-weighted return indices 
and the S&P Composite index for their analysis.  
Bayar and Kan (1999) investigated the presence of the day-of-the week effect 
in stock market returns denominated in both local currencies and the U.S. dollars in 
nineteen countries (Australia, Japan, the Netherlands, Norway, Spain, Sweden, 
Switzerland, the U.K., and the U.S.A.) for the period of July 1993 to July 1998.  
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These researchers have found the existence of the day-of-the-week effect in 
developed stock markets. Most of them found the highest return on Fridays and the 
lowest return on Mondays. However, some stock markets have recorded negative 
mean return in Tuesday and higher mean return in Wednesday.   
The existence of the day-of-the-week effect in both developed and emerging 
stock markets have been compared by Kim (1988), Tang and Kwok (1997), and  Lee 
et al. (1990). These researchers also indicated the existence of the day-of-the-week 
effect in both emerging and developed stock markets indicating negative or low mean 
return on Monday and the highest mean return on Friday. However, some studies 
have pointed out the presence of negative or comparatively low mean return on 
Tuesday in both developed and emerging stock markets. Further, some researchers 
have highlighted that the day-of-the-week effects in Asian markets were of a lower 
order of magnitude compared to the developed markets. 
Furthermore, Aggarwal and Rivoli (1989), Balaban (1995), Choudhry (2000), 
Brooks and Persand (2001), Brooks and Persand (2001), Al-Loughani and Chappell 
(2001) , Chandra (2004), Lian and Chen (2004) and Nath  and Dalvi (2004)  have paid 
their attention to examine the presence of the day-of-the week effect in emerging 
stock markets, including Singapore and most of the other Asian emerging markets as 
well as some stock markets in low income countries. Some of these researchers have 
found the evidence of the existence of the-day-of- the-week effect in some emerging 
stock market indicating low or negative mean return on Mondays and the highest 
mean return on Friday. Further, some emerging stock markets including Singapore 
reflect the lower or negative mean return on Tuesday as well. However, there was no 
evidence of a presence of the day-of-the-week effect in other emerging stock markets. 
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Clare et al. (1998), Kok (2001), Berument and Kiymaz (2001), and Lian and 
Chen (2004) have examined the weekend volatility effect using daily data. The 
objective of these analyses was to determine whether the day-of-the week effect in the 
equity markets could be due to the varying volatility in the market returns. These 
researchers found the existence of the day-of-the-week effect in both volatility and 
return equation. 
The monthly effect is another thoroughly researched stock market anomaly by 
many researchers. Wahlroos and Berglund (1983), Choudhry (2001), and Mehdian 
and Perry (2002) have examined the presence of January effect in the developed stock 
markets such as U.S, U.K, Japan. These researchers have found the presence of a 
significant monthly effect and the month-of-the-year effect in developed stock 
markets. However, it was difficult to find the existence of the January effect for some 
periods, especially the period such as that of post war. 
Nassir and Mohammad (1987), Pang (1988), Ayadi et al. (1998), Coutts and 
Sheikh (2000), and Fountas and Segredakis (2002) have also examined the presence 
of the monthly effect in emerging stock markets. Some of these researchers have 
found the existence of the monthly effect in some emerging markets whereas it was 
difficult to find evidence of the presence of the January effect in some emerging stock 
markets. 
Furthermore, Wong and Ho (1986), Lakonishok and Smidt (1988), Wilson and 
Jones (1993), Mills and Coutts (1995), Chan et al. (1996), Arsad and Coutts (1997), 
Mookerjee and Yu (1999), Coutts et al. (2000), and Abeysekera (2001) have focused 
their research to find all the stock market anomalies such as the day-of-the-week 
effect, the January effect as well as the holiday effects in both emerging and 
developed stock markets. Some of this research has revealed the presence of the 
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seasonal anomalies in developed and emerging stock markets whereas some 
researchers have not found any evidence regarding the presence of the seasonal 
anomalies in both developed and emerging stock market. 
 Although there is a huge literature on seasonal anomalies in stock markets, it 
is difficult to find research that examined the effect of the Asian financial crisis on 
stock market anomalies. Since seasonal anomalies have been regarded as strong 
evidence against the efficient market hypothesis in financial economics examination 
of the stock market anomalies are important. Therefore, the objective of this chapter is 
to analyse the seasonal anomalies, especially the day-of-the-week effect and the 
monthly effect in the SES by considering the effect of Asian financial crisis. This 
study employs the OLS and the GARCH methodologies to analyse the stock market 
anomalies.  
 
2.3 Day-of-the-Week Effect 
2.3.1 The Data 
The data that used to analyze the existence of a day-of-the-week effect in the 
Singapore equity market is described in this section. In Singapore, the trading days 
are Monday to Friday, as in most other capital markets, and the trading hours are from 
9.00 am to 12.30 pm and 2 .00 pm to 5.00 pm. Daily data from 1st January 1991 to 
31st December 2004 are obtained from the Data Stream Data Base using the national 
equity market index for Singapore, the SST index to investigate the presence of the 
day-of-the week effect in the SES. One of the main objectives of this study is to 
examine the effects of the 1997 Asian financial crisis on stock market anomalies in 
the SES.  Therefore, the sample period was divided into three sub-periods2:  
                                                 
2 This categorization is valid throughout the thesis, if it is not specifically mentioned. 
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The pre-Asian financial crisis period   1st January 1991 to 31st July 1997  
The Asian financial crisis period   1st August 1997 to 31st December 1999  
The post-Asian financial crisis period  1st January 2000 to 31st December 2004 
 Although it was difficult to determine the last day of the financial crisis, 
roughly, we consider these periods after looking at the behavior of highly volatile 
economic indicators such as the interest rate, exchange rate etc. Daily logarithmic 
returns were calculated from the daily non dividend SST index of SES. The calculated 
equation is as follows, 
 ( )PPR Ittt −= ln*100         (2.1) 
Rt is the daily return for day t, Pt is the value of the index on day t, and Pt-1 is 
the value of the index on day t-I. 
 
2.3.2 Methodology 
Before determining the suitable model to examine the day-of-the-week effect 
in the SES, the distribution of return series was checked. The descriptive statistics of 
stock returns in the SES are illustrated in Table 2.1. 
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Friday  All days 
Entire sample period 
Mean % 0.11 0.12 0.12 0.12 0.12 0.12 
Std. dev% 3.84 3.58 3.20 3.28 3.33 3.51 
Skewness -0.74 -0.31 -0.11 -0.41 -0.72 -0.55 































Pre- Asian financial crisis period  
Mean% 0.26 0.26 0.26 0.26 0.26 0.29 
Std.dev % 2.58 2.49 2.36 2.24 2.16 2.56 
Skewness -0.40 -0.22 -0.37 -0.48 -0.16 -0.34 































 Asian Financial crisis period  
Mean % 0.07 0.07 0.09 0.09 0.08 0.08 
Std.dev% 6.94 6.20 5.12 5.49 5.81 5.93 
Skewness -0.62 -0.21 -0.07 -0.43 -0.60 0.43 
































Post-Asian financial crisis period  
Mean% -0.06 -0.06 -0.06 -0.06 -0.06 0.01 
Std.dev% 3.07 3.04 2.96 3.00 2.93 3.17 
Skewness -0.19 -0.29 0.13 0.15 -0.48 -0.09 
































***, **,* Significant at 1%, 5% and 10% significance level respectively 
P-values are reported in parentheses, a- ADF critical values 
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 According to Table 2.1, the mean returns are positive on Monday, Tuesday, 
Wednesday, Thursday and Friday for all the periods except the post-Asian financial 
crisis period. The mean returns for the sum of all the days are positive for all the 
periods. Risk as measured by standard deviation increased during the financial crisis 
period. In terms of risk, the highest standard deviation recorded from Monday. The 
results in Table 2.1 clearly show that the distributions of return series are skewed in 
the entire sample period as well as for all the sub-periods. The presence of excess 
kurtosis is a evidence of non-normal distribution of returns. That is, the distributions 
are leptokurtic for the entire period and all the sub-periods. According to the Augment 
Dickey Fuller (ADF) statistic, return series are stationary. Highly significant Jarque-
Bera (J.B) statistics are further evidence of a non-normal distribution of returns.  
The return series are first modeled as a dynamic OLS model under the 
standard assumptions, as represented below3:    
ελλλλλ δ ttFtThtWtTtMtt RDDDDDR +−+++++= 154321  (2.2) 
Rt is the daily return on day t, and DMt through DFt are dummy variables from 
Monday to Friday, respectively. 1,, =DD FtMt KK   if the return on day t is on 
Monday, …, Friday respectively and 0 otherwise. εt is the disturbance term. There is 
no common intercept term in this model in order to avoid the perfect colinearity 
problem.  The coefficients of the dummy variables, λ1 through λ5, measure average 
daily return from Monday to Friday. Significant values of λi imply the existence of a 
day-of-the-week effect. The lag value of the endogenous variable has been included to 
capture the dynamics of the process. The Wald F test was employed to test the 
following hypothesis:  
                                                 
3 The dynamic OLS model with four dummy variables was also carried out to test the null hypothesis 
of equality of mean return across the days of the week (H0: λ1=λ2=λ3=λ4=0) using the Wald F-test. The 
results of the OLS model with four dummy variables are reported in appendix I. 
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H0: λ1=λ2=λ3=λ4=λ5 
H1: at least one of the five coefficients does not equal to another coefficient 
If the null hypothesis is rejected, then the security returns show evidence of 
some form of the day-of-the-week seasonality. The coefficient λi represents the 
expected return for the corresponding day i of the week. If mean return is similar for 
day of the week then the F-statistic should be insignificant. The same regression is 
repeated for the entire sample period and for the sub-periods to detect whether the 
day-of-the-week effect is persistent over the study period. The estimated results of the 
OLS model (equation (2.2)) are shown in Table 2.2.4 
                                                 







































































































Note: *** Significant at 1% significance level 
** Significant at 5% significance level 
* Significant at 10% significance level 
P-values are reported in parentheses  
N-Number of observations 
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It can be observed from Table 2.2, the Monday coefficients are negative for all 
the periods and significant for the entire sample period and the post-Asian financial 
crisis period.  As many researchers have pointed out, the Friday coefficients are 
positive for all the periods. However, the Friday coefficients are insignificant for all 
the periods except the entire sample periods.  
 The coefficients that reflect the all other days are insignificant except the 
Wednesday coefficient for the pre-Asian financial crisis period, which is marginally 
significant at 10% significance level.  
According to the Wald F test, the null hypothesis of equality of mean returns 
across the days of the week was rejected for the entire sample period and the post- 
Asian financial crisis period reflecting the presence of the day-of-the-week effect.  
The ARCH-LM, Obs*R-squared statistics for the ARCH effect and the 
Breusch-Godfrey (B.G) statistic for autocorrelation are also reported in Table 2.2. 
ARCH-LM test statistic indicates the presence of the ARCH effect in model (2.2). To 
test the existence of serial correlation B.G-LM test statistic was used. According to 
the results of the model (2.2), there is serial correlation only for the post-Asian 
financial crisis period (see Table 2.2). 
Many researchers have employed the OLS regression method with dummy 
variables, in order to test the day-of-the-week effect. However, conclusions based on 
such models should be treated with caution, as numerous recent findings have proven 
that the distribution of asset returns is leptokurtic and that the variance is time-varying. 
There is no evidence of the existence of serial correlation in the above model, 
except for the post-Asian financial crisis period. The OLS model has assumed the 
existence of a constant variance. However, there is a strong evidence of the presence 
of the ARCH effect in the above model, suggesting that the variance of the error term 
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is indeed time-varying. Further, the null hypothesis of a normal distribution is rejected 
according to the J.B statistic, (see Table 2.1) suggesting the appropriateness of 
Autoregressive Conditional Heteroscadastic (ARCH) family models. Therefore, the 
significance of the above analysis might be invalid since time varying 
heteroscedasticity may be presented. Ignoring ARCH effects may result in a loss of 
efficiency. 
To account for these characteristics of the financial data, the ARCH and the 
GARCH methodologies have often been applied in the finance literature. These 
models allow the variance of return to change over time. These models have been 
used frequently to model stock-price anomalies and return changes by a number of 
researchers.  
 Therefore, the day-of-the-week effect was estimated, assuming that the error 
term of the model has a normal distribution with zero mean and time-varying 
conditional variance. Based on the GARCH model introduced by Bollerslev (1986), 
the following GARCH model was utilized to investigate the presence of the day-of-
the-week effect in the SES. The orders of p and q in the GARCH model were selected 
using the autocorrelation function and the partial autocorrelation function of the 
standardized residual and the standardized residual squared series. According to the 
autocorrelation and the partial autocorrelation function the GARCH (1,1) model 
adequate to analyze the daily seasonal anomalies in the SES. The estimated model is 
as follows5, 
ελλλλλ δ ttFtThtWtTtMtt RDDDDDR +−+++++= 154321  
ε t ~ N(0, ht) and the conditional variance of εt is given by  
hh ttt 11
2
110 −+−+= βεαα       (2.3) 
                                                 
5 See appendix 1 for AR(1),GARCH(1,1) model with four dummy variables. 
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Rt is the return of the SST index on day t and εt is the random error. 
1,, =DD FtMt KK , are dummy variables identifying Monday to Friday observations, 
respectively. The GARCH (1,1) model allows the conditional variance of the random 
disturbance to depend on past squared errors and its own past value. Here the 
condition requires that 111 pβα + , in order to satisfy the non-explosiveness of the 
conditional variances, and that each of αβα 0 and 1  ,1  is positive in order to satisfy the 
non-negativity of the conditional variances.  
The above models do not take into account the varying daily volatility in stock 
market returns. Such volatility needs to be modeled in order to provide a clear picture 
about the daily seasonal anomalies in the SES. Therefore, the day-of-the-week 
volatility effect was estimated using the following GARCH (1,1) model.  
εα δ ttt RR +−+= 10  
ε t ~ N(0, ht) and the conditional variance of εt is given by  
DDDDDhh FtThtWtTtMtttt λλλλλβεα 54321112 11 +++++−+−=   (2.4) 
 
2.3.3 Results and Discussion 
Daily returns of the SES from 1991 to 2004 were employed to determine the 
day-of-the-week effect in the SES. The GARCH methodology was employed to detect 
the day-of-the-week effect since Table 2.2, has indicated the presence of the ARCH 
effect in the OLS regression. The empirical findings of the GARCH model are 
discussed in this section.   
  According to the autocorrelation and the partial autocorrelation function of the 
standardized residual series, the day-of-the-week effect in SES is best characterized 
by the AR(1),GARCH(1,1) model. Table 2.3 summarizes the results of the AR(1), 
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GARCH(1,1) model  that consists of five dummy variables to reflect the equality of 
mean returns across days of the week6. 
 
                                                 




Table 2.3 Test for Equality of Mean Returns across Days of the Week-AR(1),GARCH(1,1) Model 
 
































































































Note: *** Significant at 1% significance level 
**   Significant at 5% significance level 
*     Significant at 10% significance level 
P-values are reported in parentheses 
N-Number of observations 
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According to Table 2.3, the Monday coefficients are insignificant for all the 
periods. However, as we expected, they are negative for all the periods except for the 
1997 Asian  financial crisis period.  
The Tuesday coefficients are insignificant for all the periods and negative only 
for the 1997 Asian financial crisis period and the post-Asian financial crisis period.  
According to the results of the Table (2.3), there is a significant Wednesday 
effect in Singapore stock market for all the periods except the 1997 Asian financial 
crisis period. The Wednesday coefficients are positive for the entire sample period 
and all the sub-periods. 
Furthermore, these results point out the presence of significant positive 
Thursday effect in the SES during the entire sample period and the pre-Asian 
financial crisis period. However, we cannot see this pattern in the 1997 Asian 
financial crisis period and the post-Asian financial crisis period.  
 All the Friday coefficients are positive, but they are significant only for the 
entire sample period and the post-Asian financial crisis period. This clearly indicates 
that Friday being the last working day, traders would like to close their positions 
before the weekend. There is no significant Friday effect during the 1997 Asian 
financial crisis period. The high volatility in the financial crisis period may affect for 
the absence of Friday effect during the financial crisis period.  
Further, the ARCH and the GARCH coefficient are highly significant for all 
the periods. 
To test the equality of the mean returns across the days of the week, the Wald 
F-test was used. The results indicate the presence of the day-of-the-week effect during 
the entire sample period, the pre-Asian financial crisis period and the post- Asian 
financial crisis period. However, there is no evidence of the existence of the day-of-
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the-week effect in the financial crisis period. Uncertainty of future stock prices and 
high volatility during the 1997 Asian financial crisis period may cause for absence of 
the daily seasonal anomalies in the financial crisis period. This shows that the Asian 
financial crisis has certainly altered the patterns of the daily seasonal effect in the 
Singapore stock market. These findings are consistent with the findings of Lian and 
Chen (2004). Using OLS regression model they analyzed the daily anomalies in the 
five ASEAN equity markets of Malaysia, Singapore, Thailand, Indonesia, and the 
Philippines before and after the Asian financial crisis. The authors found the presence 
of Friday effect in Singapore market for the post-Asian financial crisis period (1st 
October 1998 to 12th August 2002). However, the author did not find any significant 
day-of-the-week effect in financial crisis period (1st February 1990 to 30th September 
1998). 
 According to Table 2.3, in the entire sample period the F-statistic is 
significant at 2% significance level. However, in the pre-Asian financial crisis period 
and the post-Asian financial crisis period the F-statistic is significant at 10% 
significance level while F-statistic does not indicate presence of the-day-of-the-week 
effect for the 1997 Asian financial crisis period. Hence, the sub-periods analysis 
shows that the value of the F-statistic declined significantly. These results therefore 
show that the day-of-the week effect have generally declined and in some cases 
disappeared from the Singapore market. The reason for declining pattern of the day-
of-the week effect may be after identifying these anomalies investors exploited these 
anomalies so as to get more profits.   
Robustness of the models was checked, using the Ljung-Box Q-statistic (L.B-
Q), the Ljung-Box Q2-statistics (L.B-Q2) statistic and the ARCH-LM test.  
Table 2.4 illustrates the diagnostic test results of the AR(1), GARCH(1,1) model. 
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Table 2.4 Diagnostic Test Results-The Equality of Mean Returns across Days of 
the Week AR (1),GARCH (1,1) Model 
 
















































































P-values are reported in parentheses 
 
 According to Table 2.4, there is no evidence of the existence of serial 
correlation although L.B-Q statistic at lag 10 for the pre- Asian financial crisis period, 
and the L.B-Q statistic at lag 5 and L.B-Q2 statistic at lag 10 for the post-Asian 
financial crisis period are marginally significant. Based on the findings, we fail to 
reject the null hypothesis of no ARCH effect. Therefore, the evidence from Table 2.4 
confirms the validity of our model.  
The second part of the day-of-the-week effect, the “day-of-the-week volatility 
effect”, was tested using model (2.4), the AR(1),GARCH(1,1) model. The results are 




Table 2.5 The Results of the AR(1), GARCH (1,1) Model- The Day-of-the-Week Volatility  Effect 
Period  α0 δ λ1 
 


























































































Note: *** Significant at 1% significance level 
** Significant at 5% significance level 
* Significant at 10% significance level 
p-values are reported in parentheses 
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Table 2.5 shows that all the coefficients of the mean equations are significant 
for the entire sample period and the pre-Asian financial crisis period while they are 
not significant  for remaining two periods except the AR(1) coefficient of mean 
equation in the financial crisis period. The Monday coefficients are positive and 
highly statistically significant for the entire sample period and all the sub-periods. 
According to the results, volatility on Monday is higher than that of other days of the 
week. After the stock markets close on Friday investors are uncertain about stock 
prices on Monday, so this situation may cause for high volatility on Monday. This 
implies that there is a significant volatility effect at the weekend. Furthermore, the 
highest volatility is observed on Monday during the 1997 Asian financial crisis period. 
It is evident that the macro economic instability during the 1997 Asian financial crisis 
period has caused for high volatility in financial crisis period. 
               Additionally, the results indicate a significant negative volatility effect on 
Tuesday during the entire sample period and the post-Asian financial crisis period.  
Further, Wednesday returns reflected positive volatility effect for all the periods. The 
Thursday coefficient indicates the presence of positive volatility effect on Thursday 
for all the period except the financial crisis period. 
 It can be observed that significant negative volatility effect only in the post-
Asian financial crisis period. However, the Friday coefficients are negative for the 
entire sample period and the 1997 Asian financial crisis period too. The Friday 
coefficient indicate the presence of positive volatility effect during the pre-Asian 
financial crisis period, however the magnitude of coefficient is low. 
These findings are consistent with those of Agrawal and Tando (1994) who 
reported the lowest and negative returns on Tuesday in twelve countries among which 
eight exhibit significantly positive returns on Friday and Wednesday in seventeen and 
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thirteen countries, respectively. In addition, they found that the variance of stock 
returns is highest on Monday and lowest on Fridays in all of those countries. Similarly, 
our results support the volatility portion of the weekend effect found in earlier studies. 
This implies that investors behave as if information arriving on Saturday and Sunday 
is not meaningful.  
The adequacy of the volatility models were examined using the LB-Q 
statistics, the L.B-Q2 and the ARCH-LM test. The results of these tests are illustrated 
in Table 2.6. 
















































































P-values are reported in parentheses  
 
  According to the L.B-Q statistic and the L.B-Q2 statistic, there is no evidence 
of the existence of serial correlation. Furthermore, according to the ARCH-LM test, 
there is no evidence of the presence of ARCH effect in this model. These results 
imply adequacy of this model to examine the day-of-the-week volatility effect. 
The mean equation of AR(1),GARCH(1,1) model reported the highest mean 
return on Friday and the lowest mean return on Monday. Further, the variance 
equation of the AR(1), GARCH(1,1) model indicates the highest volatility on Monday 
and the lowest volatility on Friday. The results run counter to the theory of risk 
bearing, which indicates that the expected return of an asset is positively related to its 
expected risk. One reason is the bad news hypothesis whereby firms tend to announce 
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bad news after market closure on Friday. Another explanation is the private 
information hypothesis where by informed traders tends to use private information to 
trade after the markets open on Monday. This will cause more variations in the price 
changes resulting in a high standard deviation on Monday. 
 
2.4 Monthly Effect 
2.4.1 The Data 
The analysis is conducted using daily closing values of the SST index during 
the period from January 1991 to December 2004. From the daily returns, the average 
daily returns for each month were calculated7. That is, the sum of the daily returns of 
the month was divided by the number of trading days of that month. 
 
2.4.2 Methodology 
The methodology that is used to investigate the monthly seasonal anomalies in 
the SES is discussed in this section.  
The monthly effect was tested using monthly dummy variables (D1t,…D12t) to 
represent twelve months. The following model was carried out to detect the monthly 
seasonal anomalies in the SES8. 
ελλλ ttttt DDDR ++++= 12122211 LLL    (2.5) 
 Rt is the average daily return, and D1 through D12 are dummy variables for 
each month of the year such that D1t =1 if month t is January and 0 otherwise, D2t is a 
dummy variable which takes the value 1 if month t is February and 0 otherwise; and 
                                                 
7 In order to avoid in frequent and noisy trading daily returns for each moth were averaged. 
8 The OLS regression model was re-estimated including eleven dummy variables to represent the 
twelve months and the null hypothesis of equality of mean returns in different month 
(λ1=λ2=λ3=λ4=λ5=λ6=λ7=λ8=λ9= λ10=λ11=0)was checked. The estimated model and the results are 
reported in appendix II. 
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so on. The OLS coefficients λ1 to λ12 are the mean returns for January through 
December, respectively.  The stochastic term is indicated by εt. The hypothesis  
H0; λ1 = λ2 = …=λ12 
are tested against the alternative hypothesis 
H1; At least one of twelve coefficients is not equal to another coefficient 
 If the mean return is similar for each month, the F-statistic will be insignificant. If the 
null hypothesis is rejected then the stock returns must exhibit some form of monthly 
seasonality. 
To test the effect of the financial crisis on the monthly effect model (2.5) was 
re-estimated for the sub-period of the pre-Asian financial crisis and the post-Asian 
financial crisis period. To keep appropriate degrees of freedom the sample period was 
divided into only two sub-periods namely the pre-Asian financial crisis period 
(January 1991 to July 1997) and the post-Asian financial crisis period (August 1997 
to December 2004).  
 
2.4.3 Results and Discussion 
The results of the monthly seasonality are discussed in this section. First, 
descriptive statistics of the monthly return series are explained and these are 




Table 2.7 The Descriptive Statistics of Monthly Return Series 
Statistics January Februa
ry 










Mean 1.51 2.25 -1.81 0.51 0.94 -0.45 0.44 -2.03 -0.34 1.03 2.44 1.77 
Std.De 8.28 9.05 6.38 6.80 7.45 9.35 3.90 6.96 6.32 8.38 6.89 6.58 
Skewnes -2.20 0.53 0.36 -0.00 -0.97 -1.99 0.29 0.06 -0.89 0.93 -0.69 -0.22 


























Note: *** Significant at 1% significance level 
** Significant at 5% significance level 
*   Significant at 10% significance level 
P-values are reported in parentheses  
 
 35
According to Table 2.8, the mean return in January, February, April, May, 
July, October, November and December are positive whereas the mean returns for 
remaining months are negative. The highest mean return is recorded from February. 
However, the mean returns in November and December are also as high as that of 
February. The highest standard deviation is recorded in June to which the standard 
deviations of January, February and October are almost equal. The descriptive 
statistics indicate the presence of the high excess kurtosis in the month of January and 
June. However, the kurtosis of return series is less than 3 in the month of March, May, 
July, August, October and December. According to the J.B statistics the return series 
are normally distributed for all the months except June. The regression results of the 
monthly effect are illustrated in Table 2.89. 









January -0.02    (0.75) 0.06   (0.48) -0.12  (0.47) 
February 0.07     (0.45) 0.09   (0.31) 0.05   (0.73) 
March -0.11    (0.24) -0.16  (0.06)* -0.06  (0.71) 
April 0.13     (0.17) 0.16    (0.07)* 0.10   (0.54) 
May -0.06    (0.50) 0.14    (0.06)* -0.27  (0.10)* 
June -0.02    (0.81) -0.14   0.09)* 0.10    (0.54) 
July 0.00     (0.96) -0.02   (0.83) 0.03    (0.87) 
August -0.06   (0.54) 0.07    (0.47) -0.15  (0.33) 
September -0.05   (0.57) 0.04    (0.68) -0.12  (0.43) 
October 0.11    (0.25) 0.10    (0.31) 0.12   (0.43) 
November 0.14    (0.15) 0.07    (0.45) 0.18    (0.23) 
December 0.15    (0.11) 0.26    (0.00)*** 0.06   (0.66) 
F-statistic 0.93    (0.50) 1.80    (0.07)** 0.72   (0.71) 
L.B-Q(5) 2.68    (0.74) 4.74    (0.44) 4.53   (0.47) 
L.B-Q(24) 22.48  (0.11) 27.36  (0.28) 32.87 (0.11) 
N 168 79 89 
 
Note: ***, **, * Significant at 1%,5%, and 10% significance level respectively 
P-values are reported in parentheses  
                                                 
9 The results of the OLS model with eleven dummy variables are reported in appendix II. The results of 
the OLS model with eleven dummy variables are same as the results of the OLS model with twelve 
dummy variables.  
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 Among the previous studies on the monthly effect in the Singapore stock 
market and other international stock markets, some researchers have pointed out the 
presence of the monthly effect based on their sample period. However, some 
researchers have not found any evidence of the existence of the monthly effect 
according to their sample period. Therefore, it is evident that sample period also may 
affect for these anomalies. According to the sample period that we considered in this 
study, the monthly effect in the Singapore market has been weakened in recent years.  
The mean return in January is negative and insignificant for the entire sample 
period and the post-Asian financial crisis period whereas the mean return in January is 
positive and statistically insignificant during the pre-Asian financial crisis period. In 
contrast, the mean return in December is positive for all the periods and the mean 
return in December is significant only for the pre-Asian financial crisis period. 
Although the mean return in January is positive during the pre-Asian financial crisis 
period, it is less than the mean return in December during the same period. It can be 
further observed that the mean return in December is the highest during the entire 
sample period and the pre-financial crisis period while the highest mean return for the 
post-financial crisis period is recorded from November. The findings of this study 
support the existence of positive December returns, which is consistent with the 
conclusions of researchers such as Fountas and Segredakis (2002) and Arsad and 
Coutts (1997). While the former found evidence of significant positive return in 
December for many countries such as Argentina, Chile, Colombia, Jordan, Malaysia, 
Nigeria, Pakistan and Thailand, the latter found similar evidence for the London 
International Stock Exchange. Furthermore, Lakonishok and Smidt (1988) studied 90 
years’ daily data on the Dow Jones Industrial Average and found that the month of 
December had exceptionally high returns. They concluded that this was possibly 
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because the period included the trading days before two major holidays, Christmas 
and New Year.  
Except the mean return in December, the mean returns in March, April, May, 
and June are statistically significant for the pre-Asian financial crisis period. However, 
only the mean return in May is significant during the post-Asian financial crisis 
period. Further, none of monthly coefficient is statistically significant for the entire 
sample period implying that there is no significant monthly effect during the entire 
sample period. 
The F-statistic rejects the null hypothesis of equality of monthly mean returns 
at 10% significance level only for the pre-Asian financial crisis period. Therefore, 
evidence from the sample suggests that the SES share prices display the monthly 
effect only for the pre-Asian financial crisis period.     
The results show that not only has there been a significant decline of the 
January effect, there has also been a reversal (from positive to negative) of the 
monthly effect. As an example mean return in January is negative during the pre-
financial crisis period and it is positive in the post-financial crisis period and the entire 
sample period. Furthermore, the results of this analysis indicates that the January 
mean returns are negative whereas the December mean returns are positive, in 
contrast to the findings of most studies. The most probable reason is after find out 
these anomalies most investors exploit these effects so as to earn abnormal return. 
This situation causes to diminish these effects in the long-run. Since many researchers 
have proven that stock prices increase in January, most investors will purchase stocks 
before January and sell at the end of January. Therefore, stock prices will appreciate 
before January (most probably in December) and stock prices will depreciate in 
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January. Therefore the January effect may diminish in the long-run. Further, this leads 
to an increase in stock prices in December. 
 
2.5 Conclusion 
Capital market efficiency has been a popular topic for teaching and empirical 
research since Fama (1995 and 1997) described the theoretical analysis of market 
efficiency (i.e., Efficient Market Hypothesis). Subsequent to the Fama studies, a great 
deal of research was devoted to investigating the randomness of stock price 
movements for the purpose of demonstrating the efficiency of capital markets. If an 
anomaly exists in the market, the investors can take advantage of the same and adjust 
their buying and selling strategies to increase their returns according to the timing of 
the market. 
This chapter examined the presence of “Calender anomalies” in the SES for 
the period of 1st January 1991 to 31st December 2004. The anomalies documented are 
the day-of-the-week effect and the monthly effect. The data have been divided into 
three sub-periods (the pre-Asian financial crisis period, the financial crisis period and 
the post-Asian financial crisis period) to examine the presence of the day-of-the-week 
effect.  
The descriptive statistics of the return series indicated positive mean returns 
for all the periods and all days except for the post-Asian financial crisis period. The 
highest standard devotion was found on Monday and the distribution of the return 
series were non-normal and skewed for the entire sample period and all the sub-
periods.   
Initially, the day-of-the-week effect was analysed using the OLS regression 
which included five dummy variables to represent five days of the week (i.e., 
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Monday, Tuesday, Wednesday Thursday and Friday). We found negative Monday 
mean return for all the periods. Furthermore, the Monday mean return is significant 
during the entire sample period and the post-Asian financial crisis period. As most 
research has highlighted, this study also found positive Friday mean returns, but 
coefficients were insignificant for all the periods except the entire sample period.  
However, the existence of the ARCH effect reflects the inadequacy of the 
OLS method to examine the day-of-the-week effects. Thus, the day-of-the-week 
effect was re-examined using the AR(1),GARCH(1,1) model. According to this 
model, the Friday mean returns are positive for all the periods and significant for the 
entire sample period and the post-Asian financial crisis period. The Monday mean 
returns are negative for all the period except for the 1997 Asian financial crisis period. 
This implies that the last day of the week has a positive mean value since people try to 
sell their shares before the weekend.  Uncertainty of future prices and the arrival of 
bad information may cause the negative mean return on Monday. Furthermore, our 
results indicate the presence of significant Wednesday effect for all the period except 
the 1997 Asian financial crisis period and the presence of significant Thursday effect 
for the entire sample period and the pre-Asian financial crisis period. 
However, we cannot see any significant day-of-the-week effect for the 1997 
Asian financial crisis period because of uncertainty of prices, Furthermore, Tuesday 
and Thursday mean returns are negative. The F-statistic indicates the evidence of the 
presence of day-of-the- week effect in the SES all the periods except the 1997 Asian 
financial crisis period. High volatility, economic and financial instability, the arrival 
of bad information uncertainty of price during the 1997 Asian financial crisis period 
may change investors’ decision without getting enough information. This may cause 
for the absence of the day-of-the-week effect during the 1997 Asian financial crisis 
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period. However, this analysis shows that the day-of-the-week effect is declining from 
the SES. The diagnostics test statistics reflect the adequacy of AR(1), GARCH(1,1) 
model to examine the day-of-the-week effect.  
The time varying return volatility in the day-of-the-week effect is examined 
using the AR(1), GARCH(1,1) model. The Friday coefficients indicate negative 
volatility effect for all the periods except for the pre-Asian financial crisis period 
reflecting the certainty of the prices and arrival of enough information during the 
weekdays. The Monday coefficients reflect a significant positive volatility effect for 
the entire sample period and all the sub-periods. The lack of information and 
uncertainty of prices after two-day holidays may account for this. According to 
GARCH (1,1) model, there is a significantly negative volatility effect on Tuesday  for 
the entire sample period and the post-Asian financial crisis period. 
The diagnostics test statistics indicate the appropriateness of this model to 
examine the day-of-the-week volatility effect.   
The monthly effect was investigated using average daily returns for each 
month. The OLS regression model was carried out with twelve dummy variables to 
represent   twelve months. The sample period was divided into only two periods, 
namely the pre-Asian financial crisis period and the post-Asian financial crisis 
period10. The mean return in January is negative for the entire sample period and the 
post-financial crisis period whereas it is positive for the pre-Asian financial crisis 
period. These findings are contrary to the findings of many researchers for 
international equity markets that reflect the highest mean return for January. The 
mean return in December is positive for all the periods and significant only for the 
pre-financial crisis period. However, according to the F-statistic there is a significant 
                                                 
10 The financial crisis period and post-Asian financial crisis periods are combined as post-Asian 
financial crisis period to keep enough degree of freedom. 
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monthly effect only for the pre-Asian financial crisis period. Therefore, there is no 
more monthly effect in the Singapore stock market. Furthermore, this analysis points 
out reversal monthly effect (from positive January effect to negative January effect 
and positive December effect) in the Singapore stock market for the sample period 
that considered in this study. 
This analysis indicates the presence of the daily seasonal anomalies in the 
SES. However, the day-of-the-week effect has declined significantly. Further, it is 
difficult to observe the existence of the monthly effect in recent years. The presence 
of seasonal anomalies is contradiction to the efficient market hypothesis. If anomalies 
exist investors can earn abnormal profit by exploiting them. However, since the 
present study point out that these anomalies are not important regarding the Singapore 
market. Therefore, these findings may be helpful for financial managers, financial 















The Asian Financial Crisis and Stock Return Volatility 
3.1 Introduction 
Volatility in financial markets has attracted the growing attention of academics, 
policy makers and investors during the past decades. A rise in volatility generally 
means that information (news) flow into the market has increased. The research on 
stock return volatility is important because of several reasons. The increase in 
financial volatility may be desirable from the viewpoint that the market mechanism is 
working well in the price setting process. However, it makes the financial market less 
stable by increasing the uncertainty of market participants, forecasts and their returns, 
thus heightening price risk. Therefore, greater volatility in the stock market raises 
important public policy issues about the stability of financial markets and the impact 
of volatility on the economy. Volatility can also be used as a measurement of risk, 
thus it is also important to identify its effect on an economy. From the theoretical 
perspective, volatility plays a central role in the pricing of derivative securities. For 
instance, according to the Black-Scholes formula, the pricing of a European call 
option is a function of volatility. Therefore, option markets can be regarded as a place 
where people trade volatility.  The research on stock return volatility is important 
because of these reasons. 
In recent years much attention has been paid by academics and other financial 
analysts to modeling the volatility of developed as well as emerging markets. It is 
well known that emerging stock markets are characterized by high volatility.  Most 
studies (Huang and Yang, 2000; De Santis and Imrohoroglu, 1997; Brooks, Davidson 
and Faff, 1997) show that daily return series in emerging markets are leptokurtosis, 
skewed and not Gaussian, as well as volatility clustering, indicating that periods of 
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high change are likely to be followed by subsequent periods of high volatility, while 
periods of little change are likely to be followed by subsequent periods of low 
volatility. Further, since a significant portion of total savings in advanced economies  
are invested  in emerging markets by hedge funds, mutual funds and other institutions 
in the form of portfolio investment, a careful investigation of the volatility dynamics 
in these economies would benefit investors at large by increasing investor awareness. 
Volatility in national markets is determined by world factors and partly 
determined by local markets effect, assuming that the national markets are globally 
linked. It is also consistent with the idea that world factors could have an increased 
influence on volatility with increased market integration. The high volatility of 
emerging markets is marked by frequent sudden changes in its variance. The 1997 
Asian financial crisis was a major regional event which occurred in the last decade 
that significantly increased volatility in several markets. 
  Therefore, the objective of this chapter is to examine the behavior of stock 
return volatility in the Singapore stock market. Since the 1997 Asian financial crisis 
has badly affected many stock markets in the South East Asian region, we further 
investigate the effect of the 1997 Asian financial crisis on stock return volatility in the 
SES. Furthermore, the presence of the leverage effect in the SES is also investigated. 
To analyze these objectives the GARCH family models are employed. 
The remaining sections of this chapter are organized as follows. Section 3.2 
reviews the literature about stock market volatility. The behavior of stock returns of 
the SES is discussed in section 3.3. Section 3.4 mainly deals with the methodology. 




3.2 Literature Review 
Many researchers have analyzed stock market volatility since it is very 
important for portfolio diversification, risk management and implementation of new 
policies.  
In order to stimulate financial markets and to favor the creation of new sources 
of financing, several stock exchanges have automated trading systems in order to take 
advantage of existing technology (Black,1971). Therefore, some researchers have 
examined the effects of automation on stock return volatility. Amihud and Mandelson 
(1987) and Stoll and Whaley (1990) found that the volatility of stock traded on the 
New York Stock Exchange (NYSE) is higher at the opening (call auction) than in the 
closing transaction (continuous trading). Naidu & Roell (1994) have noted an increase 
of volatility and liquidity as well as an improvement in efficiency following the 
automation of the SES. Pagano and Roell (1996) compared liquidity and the price 
formation process in several trading systems with different degrees of transparency. In 
recent Sioud and Hmaied (2003) examined the effects of changing to automated 
trading on market characteristics such as liquidity, volatility stock return and 
efficiency, using 38 stocks which were listed on the Tunis stock market before 
automation.  
Recently, with the increased interest in financial stability, the study of 
volatility spillovers across financial markets has gained recognition as an important 
field. Therefore, many researchers (Lee and Chung (1999), Darbar and Deb (1999), 
Kim and Moon (1998), Yoon and Kang (2004), Flemming et al. (1998), Kim (2001), 
Lee (2002), Christiansen (2004), Ellis and Lewis (2001)) have examined the volatility 
spillover across the local financial markets, across stock markets and bond markets as 
well as the volatility spillovers in response to other equity markets. 
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In the recent past, most countries liberalized their financial markets so as to 
attract foreign investors and to diversify their portfolio allocations. In some countries 
liberalization of stock market caused high volatility whereas in some countries 
liberalization caused low volatility. Therefore, Kassimatis (2002), Grabel (1995), 
Huang and Yang (2000), De Santis and Imrohoroglu (1997), Kim and Singal (2000), 
Bekaert and Harvey (1997), Levine and Zervos (1998), Kwan and Reyes (1997), 
Spyrou and Kassimatis (1999), Uppal (1998), Koot and Padmanabhan (1993) have 
examined the impact of stock market liberalization on stock market volatility. 
The relationship between a stock market index and its volatility has been 
studied extensively in advanced market economies. A common finding is that 
innovations to a stock market index and innovations to volatility are negatively related. 
For example a decrease in stock price is associated with an increase in its volatility. 
Furthermore, the relationship is asymmetric: an absolute change in volatility after a 
negative shock to the return series is significantly higher than the absolute change in 
volatility after positive shock with the same magnitude. So, some researchers (Black 
(1976) and Christie (1982), Campbell and Hentschel (1992), Bekaert and Harvey 
(1997), French et al.(1987))  have analyzed these behaviors. 
Since volatility is an important phenomenon in the financial sector, forecasting 
volatility and examining the forecasting ability of different models are also important. 
Brailsford and Faff (1996) analyzed the predictive power of several forecasting 
models using monthly Australian stock market volatility. The authors, working with 
symmetric error statistics, found that the GJR- GARCH (Glosten et al., 1993) is the 
best model, but the results are very sensitive to the used error statistics.  
The behavior of assets return volatility has important effects on risk 
management and portfolio allocation decision, so there is a huge literature about stock 
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return volatility. Selcuk (2005) investigated the daily stock market volatility in a 
sample of leading emerging market economies (Argentina, Brazil, Hong Kong, 
Indonesia, Korea Mexico, Philippines, Singapore, Taiwan and Turkey) utilizing an 
asymmetric stochastic volatility model which was estimated with Markov Chain 
Monte Carlo method. In a more recent study, Raju and Ghosh (2004) conducted a 
detailed analysis of equity market volatility in six developed and twelve emerging 
markets, including India using time series data from January 1980 to December 2003.   
Lamoureux and Lastrapes (1990) examined the volume effects on the persistence of 
conditional variance, employing trading volume as a proxy for daily information that 
flows into the market using a sample of 20 actively traded stocks from the U.S. capital 
markets. Yu (2002) evaluated the performance of nine alternative models for 
predicting stock price volatility, using daily New Zealand data. Using daily data from 
January 1987 to December 1994, Alles and Murray (2001) examined the patterns of 
returns of volatility on Irish equity markets. Eichengreen and Tong (2003) analyzed 
the stock markets volatility of twelve developed countries(Australia, Canda, Denmark, 
Finland, France, Italy, Japan, New Zealand, Sweeden, Switzerland, United Kindom 
and the United States) using time series data.  
The SES is an emerging stock market which is characterized by high return 
and high volatility as other emerging stock markets. So, investigation of stock return 
volatility in the SES provides useful information to investors and the policy makers. 
The Asian financial crisis has badly affected many emerging economies, increasing 
financial market volatility in particular. Although many researchers have analyzed the 
stock return volatility from different points of views, the availability of research 
regarding stock return volatility in the SES considering the effects of the 1997 Asian 
financial crisis on stock market volatility is limited. Hence, this study attempts to 
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analyze the effects of the Asian financial crisis on the stock returns volatility of the 
Singapore stock market. For this purpose the data are divided into three periods: pre-
Asian financial crisis, financial crisis and post-Asian financial crisis periods. We also 
examine the existence of the leverage effect. These objectives are analyzed using the 
GARCH family models. Initially, we use the GARCH (1,1) model and the GARCH-
M model and then extend this analysis to capture asymmetric effects in the stock 
market. The asymmetric GARCH methods, the EGARCH model of Nelson (1991) 
and the Threshold GARCH (TGARCH) model of Glosten et al. (1993) were used to 
examine the stock returns volatility.  These two models capture the asymmetric effect 
of negative and positive shocks on the stock market and the presence of the leverage 
effect which is the  idea that  negative shocks have  a greater impact on  conditional  
volatility than  positive  shocks of  the same  magnitude. In addition, both models 
capture volatility clustering, the idea that large (small) price changes tends to follow 
large (small) price changes. Both models also allow other properties, including 
leptokurtosis and skewness that indicate departure from normality of the data. The 
above mentioned characteristics are in fact observed in stock returns in the emerging 
markets, thus it is useful to analyze stock return volatility in the SES within this 
framework.  
 
3.3 The Behavior of Stock Returns of the Stock Exchange of Singapore 
In this section, stock return behavior is explained, using both daily and weekly 
data. One of the main objectives of this study is to examine the effects of the 1997 
Asian financial crisis on stock return volatility in the SES. Therefore, the data are 
divided into three different time periods as follows:  
The pre-Asian financial crisis period: 1st January 1991 to 31st July 1997  
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The Asian financial crisis period: 1st August 1997 to 31st December 1999  
The post-Asian financial crisis period: 1st January 2000 to 31st December 2004 
 Although it is difficult to determine the last day of the financial crisis, we 
considered these periods after looking at the behavior of highly volatile economic 
indicators.  
Figures 3.1 and 3.2 illustrate the behavior of daily and weekly stock returns in 
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Figure 3.2 Weekly Returns-Singapore Strait Times Index (1991-2004) 
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  According to the above two figures, the standard pattern of financial market 
volatility is apparent. The stock return volatility fluctuates over time and tends to 
‘cluster’. There does not appear to be much fluctuation in volatility in the pre-
financial crisis period. However, at the beginning of the financial crisis it is very clear 
that there are several large spikes, representing the stock market sell-off at that time. 
Therefore, there is evidence in Figures 3.1 and 3.2, that the stock returns were highly 
volatile during the 1997 Asian financial crisis period compared to the other two 
periods. The bad economic and financial environment and flow of bad information 
during the Asian financial crisis period may have caused this situation.  
 We further examined descriptive statistics of the return series to 
understand the behavior of stock return in the SES. The descriptive statistics of the 
daily and the weekly returns series for the entire period and three sub-periods are 
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*** Significant at 1% significance level 
** Significant at 5% significance level  
*    Significant at 10% significance level 
a-  All ADF test statistics are significant at 1% significance level 
b- All J-B test statistics are significant at 1% significance level 
P-values are reported in parentheses 



























































































*** Significant at 1% significance level 
** Significant at 5% significance level  
*    Significant at 10% significance level 
a- All ADF test statistics are significant at 1% significance level 
P-values are reported in parentheses 
N-Number of observation 
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According to Tables 3.1 and 3.2, daily and weekly mean returns are 0.02 and 0.11 
respectively for the entire sample period. The highest daily and weekly mean returns are 
recorded during the pre-Asian financial crisis period, which are 0.05 and 0.26 for daily 
and weekly returns respectively. The mean daily return and mean weekly return for the 
post-Asian financial crisis period are negative in contrast to the other periods. The mean 
daily return is -0.01 and the average weekly return is -0.06 for the post-Asian financial 
crisis period. 
  The unconditional volatility measured by the standard deviations is 1.40 for daily 
data and 3.20 for weekly data during the entire sample period. According to the 
descriptive statistics of the stock returns, the highest volatility occurred during the 
financial crisis period, which are 2.29 and 5.12 for the daily and weekly data respectively. 
The uncertainty of future price and high risk in financial market during the financial crisis 
period may cause for high standard deviation in this periods. The standard deviation is 
low in the pre-Asian financial crisis period compared to the other periods. Hence, it can 
be concluded that overall volatility increased during and after the Asian financial crisis.  
Skewness is a measure of asymmetry of the distribution of the series around its 
mean. The skewness of a symmetric distribution, such as a normal distribution, is zero. 
Positive skewness means that the distribution has a long right tail while negative 
skewness implies that the distribution has a long left tail. According to Table 3.1, the 
skewness of the daily return series is positive for the entire sample period and the 
financial crisis period while it is negative during the pre-Asian financial crisis and the 
post-Asian financial crisis periods. The average weekly return series indicate negative 
skewness for all the periods, except for the post-Asian financial crisis period.  
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Kurtosis measures the peakedness or flatness of the distribution of the series. The 
kurtosis of the normal distribution is 3.  If kurtosis exceeds 3, the distribution is peaked 
(leptokurtic), relative to the normal; if the kurtosis is less than 3, the distribution is flat 
(platykurtic), relative to the normal. Both weekly and daily return series are leptokurtic 
for the entire sample period and all the sub-periods. The kurtosis of both the daily and 
weekly returns series is positive for the entire sample period and all the sub-periods. The 
highest kurtosis is recorded from the entire sample period for daily data and the pre-Asian 
financial crisis for weekly data which are 13.87 and 5.59 respectively.  
The J.B statistic is another test statistic for testing whether the series is normally 
distributed. The test statistic measures the difference of the skewness and kurtosis of the 
series with those from the normal distribution. Under null hypothesis of a normal 
distribution, the J.B statistic is distributed as a Chi-Square distribution with 2 degrees of 
freedom. The reported probability is the probability that a J.B statistic exceeds (in 
absolute value) the observed value under the null hypothesis. The probability values of 
the J.B test statistic reject the null hypothesis of normal distribution at the 1% 
significance level for all the periods and for both the daily and weekly return series, 
reflecting a non-normal distribution of the return series.  
In order to check serial correlation of the series, the L.B-Q statistics are also 
reported in Tables 3.1 and 3.2. The Q statistic at lag k is a test statistic for the null 
hypothesis that there is no autocorrelation up to lag k. Q is asympototically distributed as 
a Chi-Square distribution with degrees of freedom equal to the number of 
autocorrelations. The null hypothesis of no autocorrelation against autocorrelation 
existing up to 24 lag periods are strongly rejected for the entire sample period, the pre-
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Asian financial crisis period and the financial crisis period for daily return series. It is 
difficult to reject the null hypothesis of no autocorrelation at the higher level lag order for 
daily returns series for the post-crisis period. The null hypothesis of no autocorrelation 
for the weekly returns series is rejected for the entire sample period, the post-Asian 
financial crisis period and only for the lower lag order for the financial crisis period. 
However, according to the L.B-Q statistic it is difficult to reject the null hypothesis of no 
autocorrelation in weekly return series for the pre-financial crisis period. 
The series were also tested for a unit root, using the ADF test. Accordingly, the 




     
p
t t i t i t
i
R R Rα γ β ε− −
=











It is evident that the ADF test statistic strongly rejects the null hypothesis of unit 
root in the series, including all sub-periods. 
In summary, the descriptive statistics presented in Tables 3.1 and 3.2 explicitly 
indicate lower mean values for the financial crisis and the post-Asian financial crisis 
periods, especially it is negative for the post-financial crisis period. Standard deviation is 
also higher in the financial crisis period than the pre-Asian financial crisis period. The 
other test statistics indicate almost the same results for all the periods.  These findings 
suggest that the Asian financial crisis significantly changed the stock market behavior. 
Therefore, in the following section, we describe the methodology used to examine the 
 55
stock market volatility and the effects of the Asian financial crisis on stock return 
volatility in the SES.   
3.4 Methodology  
3.4.1 The Data 
To analyze the objectives of this chapter, daily stock returns11 were obtained from 
the Data Stream database, from 1st January 1991 to 1st December 2004. The total number 
of daily observations for the study period are 3654. 
Further, to examine the effects of the Asian financial crisis on stock return 
volatility in the SES the sample period was divided into three different time periods is as 
follows:  
The pre-Asian financial crisis period   1st January 1991 to 31st July 1997  
The Asian financial crisis period   1st August 1997 to 31st December 1999  
The post-Asian financial crisis period   1st January 2000 to 31st December 2004 
 
3.4.2 Modeling Stock Return Volatility  
Daily returns of the SES were used to analyze the stock return volatility and the 
effects of the Asian financial crisis on stock return volatility. 
The L.B-Q statistics presented in Table 3.1 suggests that the average daily return 
series of the SES are serially correlated. Therefore, the mean equation was specified to 
correct the autocorrelation using the Autoregressive Moving Average (ARMA) model. 
The first order autoregressive model, (AR(1)), fits the data best for the entire sample 
period and all the sub-sample periods.  
                                                 
11 Although we analyzed both daily and weekly data, in this chapter, only results of daily data are presented 
since both daily and weekly data give almost same results 
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The AR model specifies the dependent variable as the function of its past values 
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Rt is the average daily return and εt is white noise. The results of the AR (1) model is 
shown in Table 3.3. 
Table 3.3 The OLS Estimate of AR (1) Model-Daily Returns 
 
Period β0 β1 























Note: ***, ** and * denote the significant at 1% , 5% and 10% significance level 
P-values are reported in parentheses 
The above results indicate that the AR(1) coefficients are significant at 1% 
significance level for the entire sample period, the pre-financial crisis period and the 
financial crisis period and at 10% significance level for the post-financial crisis period. 
To check the adequacy of this model, and in particular to check the presence of 
autocorrelation and heteroscedasticity, the residuals of the mean equation were tested. 
The results are presented in Table 3.4. 
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*** Significant at 1% significance level 
** Significant at 5% significance level 
* Significant at 10% significance level 
P-values are reported in parentheses  
 
To determine the appropriateness of the model, serial correlation and the ARCH 
effect in residuals were examined using the L.B-Q statistic and the ARCH-LM test. If 
there is no serial correlation in the residuals, the autocorrelations and partial 
autocorrelations should be zero at all lags, and all Q-statistics should be insignificant with 
large p-values. According to Table 3.4, the L.B-Q statistic at lag 5, 10 and 24 are not 
significant for the entire sample period and for all the sub-periods, except at lag 24 for the 
entire sample period which is marginally significant at 10% significant level. Therefore, 
there is no serial correlation in the residuals of AR models.  
The ARCH effects of residuals series were tested using the ARCH-LM test. The 
ARCH-LM statistics also clearly point out the presence of the ARCH effect in the entire 
sample period and all the sub-periods. The presence of heteroscedasticity in the residuals 
reveals that the mean equation is misspecified. Therefore, an alternative model may be 
preferred. 
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In conventional econometric models, the variance of the disturbance term is 
assumed to be constant. However, many economic time series exhibit periods of 
unusually large volatility, followed by periods of relative tranquility. In such 
circumstances, the assumption of a constant variance (homoskedasticity) is inappropriate.  
 Therefore, this kind of data can be modeled using the ARCH family model, 
which has been widely used in financial time series data. The first model that provides a 
systematic framework for volatility modeling is the ARCH model of Engle (1982). The 
GARCH model proposed by Bollerslev (1986) is an extension of the ARCH model 
introduced by Engle (1982). This generalized ARCH (p,q) model called GARCH  (p,q) 
allows for both autoregressive and moving average components in the heteroskedastic 
variance.  Since the GARCH models can forecast conditional volatility, they are able to 
measure the risk of an asset over the holding period. As such a number of extensions of 
the basic GARCH model have been developed and these are especially suited to 
estimating the conditional volatility of financial instruments. The general form of the 
GARCH (p,q) process is given as follows: 
• Conditional mean 
 t t tY X φ ε′= +   
ϕε 1−tt  ~ N (0, ht) (3.3) 
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Xt is a vector of predetermined variables and in our model it is the lagged dependent 
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 +  ∑ ∑  measures the persistence of volatility. 
The Maximum Likelihood (ML) method is used to estimate the parameters of the 
conditional mean and variance equations. The best model is chosen based on the 
autocorrelation and partial autocorrelation function of the standardized residual and the 
standardized residual squared. According to autocorrelation and partial autocorrelation 
function the AR(1), GARCH(1,1) model provided the better estimation12. The estimated 
model is as follows: 
0 1 1t t tR Rφ φ ε−= + +   
1/ (0, ) t t tN hε ψ − ∼  (3.4) 
hh ttt 11
2
110 −− ++= βεαα                                                                                        
Rt is the daily return for day t and 0φ  and 1φ  are the coefficients of the conditional mean 
equation.  
The effects of the 1997 Asian financial crisis on stock return volatility were 
examined by including three dummy variables, (Pret, Fint and Postt) in the conditional 
variance equation.  
PostFinehh tttttt λλλβεα 321112 11 Pr +++−+−=     (3.5) 
 The dummy variable Pret takes value 1 for the pre-Asian financial crisis period 
and 0 otherwise, Fint takes the value 1 for the financial crisis period and zero otherwise, 
and Postt equals 1 for the post- Asian financial crisis period and zero otherwise. Since 
three dummy variables were included into the variance equation to represent the three 
sub-periods there is no common intercept term in the variance equation. If λ1, λ2 and λ3 
                                                 
12 The different order models were estimated and the results of some of these models are reported in 
appendix III as evidence. 
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are statistically significant, that implies there was a significant volatility effect in these 
periods. Volatility effect can be compared according to the magnitude of coefficients. 
In equation (3.3) (3.4) and (3.5) the conditional variance is modeled as a linear 
function of past squared errors and past conditional volatility. One of the drawbacks of 
this linear GARCH model is that it does not capture the asymmetry of stock returns. 
However, it has been shown in a number of recent studies that there is often asymmetry 
in the effect of innovations on the volatility of stock returns (see e.g. Pagan and Schwert, 
1990; Engle and Ng, 1993). This means that the arrival of bad news tends to cause more 
volatility in the market than the arrival of good news. This phenomenon is often 
attributed to leverage effects. There is a close connection between stock return volatility 
and leverage. A negative stock return increases the leverage of the firm and future 
volatility as the value of the equity goes down (assuming fixed debt); on the other hand, a 
positive stock return decreases the leverage of the firm and also future stock volatility. 
Therefore, leverage causes asymmetric changes in stock return volatility. To 
accommodate the asymmetric response and to overcome some weakness of the GARCH 
model, the TGARCH model, proposed by Glostan et al., (1993) and Zakoian (1994) and 
the EGARCH model proposed by Nelson (1991) were employed. By modifying equation 
(3.4) the conditional variance of the TGARCH or GJR model can thus be expressed as: 
dhh ttttt 12 111
2
110 −−+−+−+= εβεαα γ      (3.6) 
The TGARCH model was further extended to capture the effects of the Asian 
financial crisis on stock market volatility, using three dummy variables similar to 
equation (3.5). The estimated model is as follows, 
PostFinedhh tttttttt λλλεβεα γ 32112 1112 11 Pr +++−−+−+−=   (3.7) 
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 dt-1 =1 if εt-1 < 0 and 0 otherwise. In a sense, εt-1=0   is a threshold such that shocks 
greater than the threshold have different effects than shocks below the threshold. If the 
parameter γ >0 and is significant, this provides evidence of the presence the of leverage 
effect. It means that adverse market conditions or negative shocks in the market cause 
more volatility than positive news.    
Another model that allows for the asymmetric effect of news is the EGARCH 
model.  One problem with a standard GARCH model is that it is necessary to ensure that 
all the estimated coefficients are positive. Not only does the EGARCH model capture the 
asymmetry in the volatility of stock returns, but it is also not necessary to restrict the 
parameters of the conditional variance to be positive, as in the GARCH model.  Some 
properties of the EGARCH model can be obtained in a similar manner as those of the 
GARCH model; however the model differs from the GARCH model in several ways. 
First, it uses logged conditional variance to relax the positiveness constraint of model 
coefficients. Second, the use of weighted innovation enables the model to respond 
asymmetrically to positive and negative lagged values of returns. In particular, it is very 
useful to capture the asymmetric effects between positive and negative asset returns. 
Even if the parameters of the conditional variance equation are negative, the conditional 
variance is guaranteed to be positive. The variance equation of the EGARCH model can 
be expressed as: 

















εδεδβα     (3.8) 
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The EGARCH model was also extended including three dummy variables like 
previous two models (equation (3.5) and (3.7) to capture the effects of the Asian financial 
crisis on stock return volatility in the SES. The estimated equation is 
















−+−=  (3.9) 
where log (.) is the natural log function. 
In equation (3.9), β1, δ1 and δ2 are the constant parameters and λ1, λ2 and λ3 are 
coefficients of the dummy variables for the periods of pre-Asian financial crisis, financial 
crisis and post-Asian financial crisis, respectively. The δ2 coefficient captures asymmetric 
effects. If δ2 <0 and is significant it is an evidence of asymmetry in that large volatilities 
are associated with negative shocks (leverage effect). On the other hand, if δ1>0, the 
conditional volatility tends to rise (fall) when the absolute value of the standardized 
residual is larger (smaller). Therefore, a positive value for δ1 indicates that large 
variability in (small) price changes tends to follow a large (small) price change, which is 
referred to as volatility clustering. Although the EGARCH model has some advantages 
over the TGARCH model, it is difficult to forecast the conditional variance of the 
EGARCH model. 
Engle et al. (1987) proposed generalizations of the ARCH model where the 
conditional variance of asset returns enters into the conditional mean equation; this is 
referred to as GARCH-M model. The basic insight of this model is that risk-averse agents 
will require compensation for holding a risky asset. Given that an asset’s riskness can be 
measured by the variance of returns, the risk premium will be an increasing function of 
the conditional variance of returns, in other words, the greater the conditional variance of 
returns, the greater the compensation necessary to induce the agent to hold the long term 
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asset. This type of model is widely applied in financial research where the expected 
return on an asset is related to the expected asset risk. In this sense, it is important to 
analyze the stock market volatility within the GARCH-M model too. The mean equation 
and the variance equation of the GARCH-M model is given by 






110 −+−+= βεαα  
 
The parameter θ is called the risk premium parameter. If the value of the 
coefficient, θ, is positive and significant, it implies that increased risk contributes toward 
an increase in the mean return. The formation of the GARCH-M model implies that there 
are serial correlations in the return series Rt.  
We modified variance equation of the GARCH-M model, using three dummy 
variables to capture the impacts of the financial crisis on stock market volatility as 
follows.  
PostFinprehh tttttt λλλβεα 3212 112 11 +++−+−=  (3.11) 
The dummy variables defined as Pret takes the value 1 for the pre-Asian financial 
crisis period and zero otherwise, Fint takes the value 1 for the financial crisis period and 
zero otherwise, and postt equals 1 for the post-Asian financial crisis period and zero 
otherwise. 
 
3. 5 Results and Discussion 
The behavior of stock return volatility in the SES and the effects of the Asian 
financial crisis on stock return volatility in the SES were examined using GARCH family 
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models. The empirical results are discussed in this section. Table 3.5 summarizes the 




Table 3.5 Maximum Likelihood Estimates for the AR (1), GARCH (1,1) Model 
 
Period Ø0 Ø1 α 0 α1 β1 AIC N 

















































*** Significant at 1% significance level  
** Significant at 5% significance level  
* Significant at 10% significance level  
P-values are given in parentheses 
N- Number of Observations 
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According to Table 3.5, the coefficients of the AR(1), GARCH(1,1) model are 
highly statistically significant for the entire sample period, and the sub-sample periods, 
except the intercept terms of the mean equation for the post-Asian financial crisis period. 
According to the GARCH(1,1) model the lowest volatility occurred during the pre-
financial crisis period and the highest volatility recorded during the post-financial crisis 
period. It can be interpreted for the post-Asian financial crisis period that approximately 
87% of past volatility is captured in the next period. However, the volatility in the entire 
sample period is also high since the effects of the 1997 Asian financial crisis are also 
included in this period.  
An interesting feature of asset prices is that “bad” news seems to have a more 
pronounced effect on volatility than does “good” news, reflecting the presence of the 
leverage effect. To capture the asymmetric effects on the stock return volatility in the 
SES, the AR(1), TGARCH(1,1) model was carried out. The results of the TGARCH 




Table 3.6 Maximum Likelihood Estimates for the AR (1),TGARCH (1,1) Model 
 






























































*** Significant at 1% significance level  
** Significant at 5% significance level  
* Significant at 10% significance level  
P-values are reported in parentheses 
N- Number of Observations 
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According to Table 3.6, the results of the TGARCH model are almost similar to 
the results of the GARCH(1,1) model. All the coefficients in the variance equation and 
the AR(1) component in the mean equation are highly significant. As indicated by the 
GARCH(1,1) model, the lowest volatility recorded during the pre-Asian financial crisis 
period and the highest volatility recorded during the post-Asian financial crisis period. If 
the leverage effect exists, then the asymmetric coefficient should be greater than zero and 
significant in the TGARCH model. The evidence from the Table 3.6 shows that the 
coefficient, (γ) in the TGARCH model is greater than zero and statistically significant. 
This implies that the impact of negative shocks to the stock market causes higher 
volatility than that of positive shocks, reflecting the existence of the leverage effect. 
Furthermore, the results indicate that magnitude of the coefficient γ is greater during the 
financial crisis period than that of the other periods. This implies that there was huge 
asymmetric effect during the financial crisis period followed by the instability of 
financial markets in this period. This evidence supports the recent findings of the 
existence of the leverage effect in other international markets. Using daily data, Huang 
and Yang (2000) examined stock market volatility and the presence of the leverage effect 
in ten emerging markets. Their findings support the existence of the leverage effect for 
Mexico, the Philippines, Thailand, Taiwan, South Korea, Malaysia and Argentina. 
However, they couldn’t find the any evidence about the presence of the leverage effect 
for Brazil, Chile and Turkey. Kassimatis (2002) also found evidence that bad news 
caused more volatility for India and Argentina before period of liberalization. 
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The persistence of volatility is measured by the sum of the coefficients (α1 +β1) of 
the GARCH and (α1 +β1 + γ/2) for the TGARCH model. The implied unconditional 
volatility is measured by using α0 / [1-( α1 +β1)] for the GARCH (1,1) model and using 
 α0 / [1-( α1 +β1+ γ/2)]  for the TGARCH (1,1). The results are reported in Table 3.7. 
Table 3.7 The Persistence of Volatility and the Implied Unconditional of Volatility: 
GARCH (1,1), and TGARCH(1,1) Model 
Period GARCH (1,1)  
α0 / [1-( α1 +β1)]
TGARCH (1,1) 
α0 / [1-( α1 +β1+ 
γ/2)] 
GARCH (1,1)  
(α1 +β1) 
TGARCH (1,1)  
(α1 +β1 + γ/2) 
Entire sample 
 period 
2.00 2.50 0.98 0.98 
Pre-financial  
crisis period 
1.00 0.94 0.84 0.82 
Financial  
crisis period 
7.50 7.50 0.98 0.98 
Post-financial  
crisis period 
1.66 1.25 0.97 0.96 
 
The magnitudes of the persistence of volatility are almost the same for the entire 
sample period and all the sub-periods except the pre-Asian financial crisis period. The 
persistence of volatility is very close to 1 for the entire sample period, the financial crisis 
period and the post-Asian financial crisis period. The large value of the persistence of 
volatility during and after the 1997 Asian financial crisis is an indication that the negative 
shocks on stock market cause high volatility. 
 The calculated values of the implied unconditional volatility, are greater than one 
in both GARCH(1,1) model and TGARCH(1,1) model for all the periods except the pre-
Asian financial crisis period. The implied unconditional volatility is much higher during 
the financial crisis period than in other periods. The values of unconditional implied 
volatility in both GARCH and TGARCH models are 7.5 for the financial crisis period. 
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The magnitude of these coefficients implies that unconditional volatility is nearly seven 
times greater during the financial crisis period than the pre-Asian financial crisis period.    
The fitted model shows that (α1 +β1) is very close to 1. This phenomenon is 
commonly observed in practice and it leads to imposing the constraint (α1 +β1) = 1 in the 
GARCH(1,1)  model, resulting in the integrated GARCH (IGARCH)13. In financial time 
series, the conditional volatility is persistent. In fact, if we estimate the GARCH(1,1) 
model using a long time series of stock returns, we will find that the sum of  α1 and β1 is 
very close to unity. Nelson (1990) argued that constraining α1 +β1 to equal unity can yield 
a very parsimonious representation of the distribution of an asset’s return. In some 
respects, this constraint forces the conditional variance to act like a process with a unit 
root. 
The TGARCH model has some limitations. Therefore, to capture the effect of 
asymmetric information on volatility in a better statistical model, the EGARCH(1,1) 
model, was used. Since there are no restrictions on the signs of the coefficients, the model 
appears to be satisfactory. The results of the EGARCH (1,1) model are presented in Table 
3.8. 
                                                 
13 However, according to diagnostic statistics GARCH (1,1) and TGARCH(1,1) models are also adequate 




Table 3.8 Maximum Likelihood estimates for the AR(1), EGARCH(1,1) Model 
Period ø0 ø1 α0 δ1 δ2 β1 AIC N 























































*** Significant at 1% significance level  
** Significant at 5% significance level  
* Significant at 10% significance level  
P-values are reported in parentheses 
N- Number of observations  
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 According to Table 3.8, all the coefficients in the variance equation and the AR(1) 
coefficients in the mean equation are highly significant. The magnitude of volatility 
coefficients is very close to 1, reflecting high volatility. The EGARCH(1,1) model also 
indicates low volatility during the pre-financial crisis period as indicated by the 
GARCH(1,1) model and the TGARCH(1,1) models. The variance equation of the 
EGARCH model also highlights the asymmetric effects on volatility in response to the 
positive and negative shocks. Hence, this model is also important in determining the 
leverage effects.  If the leverage effect exists then the asymmetric coefficients should be 
less than zero and significant in the EGARCH model. The asymmetric coefficient δ2 
being negative and statistically significant for all the periods suggesting the presence of 
the leverage effect in the SES. Further, the results indicate that the magnitude of the 
coefficients δ2 is greater in the financial crisis period than that of the other periods 
reflecting high volatility in the financial crisis period. 
  The GARCH-M model was also employed to examine the behavior of volatility 
and the effects of the Asian financial crisis on stock return volatility in the SES. An 
advantage of using the GARCH-M model over another model is that it allows the mean 
of a series to depend on the conditional variance of the series; therefore, any effect of 
change in the conditional variance on the expected return (namely risk premium) can be 




Table 3.9 Maximum Likelihood Estimates for the AR(1), GARCH in Mean (1,1) Model 
 






























































*** Significant at 1% significance level  
** Significant at 5% significance level  
*   Significant at 10% significance level  
P-values are reported in parentheses  
N-Number of observations  
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According to Table 3.9, all the coefficients in the variance equation and AR(1) 
coefficient in mean equation are statistically significant for all the periods. Similar to 
previous three models volatility during the pre-Asian financial crisis period is lower than 
that of other periods.  Similarly, the highest volatility is recorded from the post-Asian 
financial crisis period. This implies a long memory process of bad news. The coefficient 
θ is significant and positive for the entire sample period and the pre-Asian financial crisis 
period while it is not significant for remaining two periods.  
In order to examine the effects of the Asian financial crisis on stock return 
volatility, three dummy variables are included into the variance equation for each of the 
models (GARCH(1,1), TGARCH(1,1), EGARCH(1,1), GARCH-M(1,1)) to reflect the 
three sub-periods and re-estimated. The dummy variables defined as Pret, takes value 1 
for the pre-financial crisis period and zero otherwise, Fint takes the value 1 for financial 
crisis period and 0 otherwise, and Postt takes 1 for the post-Asian financial crisis period 




Table 3.10 The Results of the Regressions with Dummy Variables 




















































































*** Significant at 1% significance level  
** Significant at 5% significance level  
*    Significant at 10% significance level  
P-values are reported in parentheses 
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According to Table 3.10, the Asian financial crisis has caused the increase in 
stock return volatility in the SES. The coefficients of the dummy variables that reflect 
volatility effect in three sub-periods are positive and significant in all the models except 
the coefficient that represent the pre-Asian financial crisis period in the EGARCH model. 
Since EGARCH model capture the asymmetric effect of information better than that of 
other models, volatility effect in the pre-Asian financial crisis period may capture by the 
coefficient that reflects the asymmetric effect. However, the magnitudes of the 
coefficients of the dummy variables are different in three sub-periods. The value of the 
coefficient that reflects volatility in the financial crisis period is higher than that of other 
periods. Therefore, it can be concluded that the financial crisis has had a significant 
impact on the increase in stock returns volatility in the SES. 
According to this analysis, we can see significant increases in volatility in the SES 
during and after the financial crisis period. Further, this analysis reveals the existence of 
the leverage effect in the SES. The high values of persistent and implied volatility imply 
that shocks to the stock market increase in volatility. 
The Asian financial crisis badly affected the equity markets in the region. 
Furthermore, this analysis indicates that volatility during the post- Asian financial crisis 
period is also greater than that of the pre-Asian financial crisis period. This is because the 
financial crisis started from Thailand and it took some time to spread to other countries as 
well normally it takes longtime to recover from any crisis. The volatility of emerging 
equity markets in Asia had declined steadily and dramatically during the course of 1996 
and through early 1997 as the recovery from the Mexican crisis ensued. This situation 
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changed drastically in the second half of 1997, as the volatility of returns in the Asian 
emerging markets rose steeply.  
The reasons for high volatility during the financial crisis period are generally 
characterized by lower market transparency, lower investor protection, and higher market 
exit restrictions. The instability of macroeconomic variables also cause high volatility 
during the financial crisis period. Furthermore, increasing uncertainty about policy 
performance in those periods also causes an increase in stock market volatility. Bank 
failures and related forms of financial distress are more prevalent in the financial crisis 
periods and these are also associated with stock market volatility, because they disrupt 
the operation of the financial system and raise the probability of sharp policy changes in 
response. The financial integration was also responsible for an increase in the relative 
volatility of assets returns, especially during the financial crisis period. The uncertainty 
created by the Asian financial crisis was associated with increased trading activities in the 
emerging equity markets. Therefore, volatility increased especially during the 1997 Asian 
financial crisis period and the post-Asian financial crisis period.  
Adequacy of the models were check using diagnostic tests. Therefore, diagnostic 
tests were carried out on the standardized and squared standardized residuals to test the 
null hypothesis of no serial correlation in our models. In particular L.B-Q statistic can be 
used to test the adequacy of the mean equation and L.B-Q2 statistic can be used to test the 
validity of the volatility equation. The skewness and kurtosis can be used to check the 
validity of the distribution assumption. Tables 3.11, 3.12, 3.13, 3.14 and 3.15 report the 
results of the diagnostic tests for the entire sample period, the pre-Asian financial crisis 
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period, the financial crisis period, the post-Asian financial crisis period and the 




Table 3.11 Statistical Properties of Standardized Residual: The Entire Sample Period 
 







































































P-values are reported in parentheses 
 
 
Table 3.12 Statistical Properties of Standardized Residuals: Pre-Financial Crisis Period 
 









































































Table 3.13 Statistical Properties of Standardized Residual: The Asian Financial Crisis Period 
 





































































P-values are reported in parentheses 
 
 
Table 3.14 Statistical Properties of Standardized Residual: The Post-Financial Crisis Period 
 


















































































































































P-values are reported in parentheses 
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There is no evidence of the existence of serial correlation in the standardized 
and squared standardized residuals, according to the L.B-Q statistic and the L.B-Q2 
statistic. The values of the skewness and kurtosis have been reduced dramatically, 
compared with the return series. Therefore, the results of the diagnostic tests confirm 
the validity of our models. Therefore, our models explain stock return volatility in the 
SES quite satisfactorily. The correct specification of the model is further evidenced by 
zero mean and unit variance of the standardized residuals. 
The fitted GARCH (1,1) model show that (α1 +β1) is very close to 1. This 
phenomenon is commonly observed in practice and it leads to imposing the constraint  
(α1 +β1) = 1 in the GARCH(1,1)  model, resulting in an IGARCH. However, the 
diagnostic tests revealed the adequacy of this model although persistence of volatility 
is close to unity.   
 
3.6 Conclusion 
Volatility is an extremely important input to several pricing models in many 
fields of finance. The issue of volatility has recently become increasingly important 
among the financial practitioners, regulators and researchers. 
In this study, the daily returns (from 1st January 1991 to 31st December 2004) 
of the SES were employed to examine volatility and to examine the effect of the 1997 
Asian financial crisis on stock market volatility. To examine the effects of the 1997 
Asian financial crisis on stock market volatility, the sample period was divided into 
three periods, namely the pre-Asian financial crisis, the financial crisis, and the post-
Asian financial crisis periods. It was found that the return series were non-normal, 
leptokurtic, and conditionally heteroskedastic. Therefore, the GARCH methodology 
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(GARCH(1,1), TGARCH(1,1), EGARCH(1,1) and GARCH-M(1,1)) was applied to 
examine the behavior of  Singapore stock market volatility.   
The results of the GARCH models indicate that the Asian financial crisis has 
had a significant influence on stock return volatility in the SES. The results 
highlighted that stock market volatility is significantly higher in the financial crisis 
period and the post-Asian financial crisis period than in the pre-Asian financial crisis 
period. The persistence in volatility and the implied unconditional volatility was 
found to be higher during and after the financial crisis periods than during the pre-
Asian financial crisis period. The financial and economic instability, uncertainty about 
future price, flow of bad information and lack of information have led to high 
volatility during these periods. Furthermore, according to the TGARCH(1,1) model 
and the EGARCH(1,1) model, it was found that negative shocks in the market caused 
more volatility than positive shocks, indicating the presence of the leverage effect in 
the SES. The diagnostic tests statistics revealed that all the models employed in this 
analysis are adequate to examine the volatility behavior in the SES and the impacts of 
the Asian financial crisis on stock market volatility.  
Stock market volatility is neither good nor bad. Equity price fluctuations 
convey signals that play an important role in resource allocation and likely future 
outcomes. They reflect changes in the price of risk, responding to changes in the risk 
to which the economy is subjected and/or the tolerance of investors holding it. At the 
same time, to the extent that the volatility of asset prices reflects the volatility of 
policy, more volatility may be an indication of a deteriorating policy environment. 
Similarly, to the extent that the volatility of asset prices is indicative of the limited 
ability of banks and firms to manage risk, reflecting interalia inadequate capitalization 
or diversification, more volatility may be an indication of such problems. Therefore, 
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this analysis provides useful information about resource allocations, stock pricing and 
policy implication. Since this analysis reflects the high volatility during the financial 
crisis period and the post-Asian financial crisis period, it implies the importance of 
























The Interdependence of the Stock Exchange of Singapore with Other 
Stock Markets in Newly Developed Countries 
4.1 Introduction 
The modelling of financial markets integration has recently received much 
attention in empirical finance since financial markets have become increasingly 
integrated in recent past. Financial markets integration have increased considerably 
following the liberalization of the financial sector, removing restrictions on 
investments including share investments, shifting to a floating exchange rate, 
technological  developments in communications and  trading  systems, an enhanced 
level of investor education, and the increased mobility of labour. The liberalisation of 
stock markets in particular could have attracted the interest of international investors 
and affected the amount of capital flows to those markets, inducing an increase in the 
degree of co-movements with the rest of the financial world. Further, participation in 
trade organisations, a general shift towards a global economy and community, which 
have created more opportunities for global international investments have also caused 
an increase in the likelihood of stock market integration.  Also, the Asian financial 
crisis in mid 1997 might have temporarily affected the links amongst international 
stock markets, as previously verified by work done on the 1987 stock market crash 
and the Mexican crisis (see e.g Dwyer and Hafer (1988), Hardouvelies (1988), King 
and Wadhwani (1990), and Roll (1989) on the 1987 crash; and Calvo and Reinhard 
(1996) on the Mexican crisis). 
An examination of the degree of co-movement among international equity 
markets is important for several reasons. First, the understanding of how closely 
international stock markets are correlated is important for investors to design portfolio 
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allocation. Second, the examination of financial market integration is useful for policy 
makers to adjust their policies according to changes in international correlation 
patterns and the stability of the global financial system. Cooper and Kaplanis (2000) 
have argued that the level of financial market linkages influences optimal corporate 
capital structure through differing costs of capital. Thirdly, financial market 
integration would lead countries to allocate world saving efficiently by the inflow of 
capital from developed to developing countries, and would thus facilitate the 
economic development of the country, as pointed out by Neoclassical economists. In 
addition, Bekaert et al.(2002) have showed that equity market linkages that have 
resulted from market liberalization helps spur economic growth.  
A significant number of studies have focused on financial market integration 
among developed countries, whereas only a small number of studies have focused on 
the integration of emerging Asian stock markets. Among the stock markets in Asia, 
stock markets in NDCs, (Singapore, Taiwan, Korea, Hong Kong) have attracted the 
attention of the investors due to the fast economic growth of these countries relative to 
their regional counterparts and have seen high returns in their respective stock 
markets. A major crisis such as the 1997 Asian financial crisis has badly affected 
these countries especially for financial markets in these countries. However, research 
on financial market integration of NDCs is quite limited. The degree of linkages 
varies over time and changes considerably in response to major events such as the 
Asian financial crisis in 1997 but it is hard to find research that has examined the co-
movement of the SES with other equity markets in the NDCs while taking into 
account the effects of the 1997 Asian financial crisis on stock markets integration of 
these countries. Thus, the main objective of this chapter is to investigate the dynamic 
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linkages between the SES and other stock market in the NDCs as well as the effects of 
the 1997 Asian financial crisis on such integration. 
Due to the fast economic growth of NDCs, investors are willing to invest in 
these countries so as to get high profit. Therefore, research on financial market 
integration in these countries is important for investors to be able to allocate their 
portfolio efficiently. Furthermore, a crisis or financial instability of one country 
quickly transmits to the other countries and thus, makes an investigation of how these 
shocks affect the markets’ interdependency is important for investors to manage their 
portfolio as well as it may be important for policy makers in the implementation of 
new policies or in adjusting existing policies according to financial market co-
movements of these countries. Hence, this study has a significant contribution to the 
financial market literature.  
The remaining sections of this chapter are organized as follows. Section 4.2 
reviews the literature about financial market linkages. The behaviour of stock markets 
in NDCs is discussed in section 4.3. Section 4.4 presents the methodology used in this 
chapter. Section 4.4 consists of four sub-sections. The details about the data are 
discussed in sub-section 4.4.1 and the methodology of the unit root test is discussed in 
sub-section 4.4.2. In sub-section 4.4.3, the methodology of the Granger Causality test 
is discussed. The theoretical framework of multivariate cointegration test is presented 
in sub-section 4.4.4. The empirical findings are discussed in section 4.5. This section 
contains three sub-sections. The results of the unit root test, the results of the Granger 
Causality test, the results of the multivariate cointegration test are discussed in sub-
section 4.5.1, 4.5.2 and 4.5.3 respectively. The conclusions of this chapter are 
presented in section 4.6.  
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4.2 Literature Review 
  Financial market literature has presented a strong emphasis on the integration 
among stock markets. Therefore, a growing body of research has focused on the 
interdependence of equity markets.   
Some researchers have investigated stock market integration among developed 
stock markets. Kasa (1992) investigated the number of common stochastic trends in 
the equity markets of the U.S., Japan, England, Germany and Canada using 
Johansen’s vector error correction method for the period of January 1974 to August 
1990, using monthly and quarterly data. The linkages among some major developed 
stock markets, namely the U.K, France, Germany, Japan and the U.S., during the pre 
and post-October 1987 crisis periods were examined by Arshanapalli and Doukas 
(1993) using daily closing prices from January 1980 to May 1990. Corhay, et al. 
(1993) investigated the presence of a long-run relationship among five major 
European stock markets, France, Germany, Italy, the Netherlands and the U.K., using 
monthly data from March 1975 to September 1991. The long-run relationships among 
the stock markets of Finland, France, Germany, Sweden, the U.K. and the U.S.A. 
were examined by Ahlgren and Antell (2002) using monthly and quarterly data from 
January 1980 to February 1997. The integration of the Australian stock market with 
its two major trading partners, the U.S. and Japan was studied by Shamsuddin and 
Kim (2003), using end-of-week closing stock price indices for the period January 
1991 to May 2001.  In recent, Berben and Jansen (2003) investigated the shift in 
correlation patterns among international equity returns at the market level as well as 
the industry level using weekly returns on stock indices for Germany, Japan, the U.K. 
and the U.S. comprising of the financial centres of the three main time zones.  
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Chan et al. (1992), Cheung and Mak (1992), Corhay et al. (1995), Kwan et al. 
(1995), Allen and Macdonald (1995), Choudhry (1997), Liu et al. (1998), Masih and 
Masih (1999), Ghosh et al. (1999), Husain and Saidi (2000), Sheng and Tu (2000), 
Roca and Selvanathan (2001), Silkos and Ng (2001), Rockinger and Urga (2001), 
Bekaert et al. (2002), Elyasiani et al. (1998),  Leong and Felmingham (2003), Baele 
(2004), have also analysed the co-movement between emerging stock markets and 
developed stock markets. 
  Few researchers (Hung and Cheung (1995), McMiken (1997), Roca et al. 
(1998)) have investigated the long-run co-movement among the Asian emerging stock 
markets.  
   Masih and Masih (1997a), Roca (1999), Cha and Oh (2000), Chowdhury 
(1994)  have focused on stock market interlinkages between developed stock markets 
especially with U.S., Japan and stock markets in NDCs. Some of these researchers 
have found a presence of long-run relationship among these countries while some 
researchers did not found any long-run relationship among some of these countries 
according to their sample period. 
The above review of past literature reveals that most researchers have 
analysed the long-run relationship among developed financial markets and the long-
run relationship between emerging stock markets and developed stock markets. 
Several studies have focused on the integration among the emerging stock markets 
while few researchers have analysed the integration between stock markets in 
developed countries and NDCs. However, it is hard to find research that has focused 
on the interdependencies of the SES with other stock markets in NDCs. It is important 
to investigate the relationship among the stock markets in these countries for the 
purpose of portfolio allocation, since these countries have gained high economic 
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growth in the same period followed by the development of financial markets.  Further, 
no one has examined the interdependency of the SES with other stock markets in 
NDCs taking into account the effects of Asian financial crisis. The turmoil 
commenced in Thailand in July 1997 and then spread to other countries especially for 
NDCs. Therefore, it would be interesting to assess whether the crisis caused any 
change in the patterns or the relationships of these equity markets.  This study thus 
also analyse the stock market inter-linkages among the SES and other stock markets 
in NDCs by considering the effects of the Asian financial crisis on stock markets 
interlinkages. The Granger causality tests and the Johansen’s multivariate vector error 
correction methods are employed to examine the relationship between the markets.  
 
4.3 The Behavior of Stocks Markets in Newly Developed Countries 
 In this section, the behavior of each stock market in NDCs is discussed as it 
would be useful to know the basic characteristics of each stock market in our study. 
The descriptive statistics of both weekly stock price indices and weekly stock returns 
from 1st January 1990 to 15th July 2005 are presented in this section. Table 4.1 shows 
the descriptive statistics of the weekly log price of each market for the entire sample 
period and all the sub-periods.  
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Singapore Hong Kong Korea Taiwan 
Entire sample period 
Mean 6.87 7.06 -0.30 5.27 
Median 6.90 7.18 -0.23 5.24 
Std. Dev. 0.27 0.47 0.40 0.27 
Skewness -0.37 -1.07 -0.92 0.32 
Kurtosis 2.03 3.23 3.65 3.14 








Observations 810 810 810 810 
Pre-Asian financial crisis period 
Mean 6.85 6.77 -0.02 5.31 
Median 6.99 6.89 -0.04 5.27 
Std. Dev. 0.32 0.50 0.18 0.28 
Skewness -0.21 -0.21 -0.10 0.48 









Observations 396 396 396 395 
Financial crisis period  
Mean 6.82 7.26 -0.79 5.46 
Median 6.80 7.25 -0.75 5.47 
Std. Dev. 0.28 0.21 0.47 0.14 
Skewness -0.43 -0.08 -0.13 0.46 
Kurtosis 2.29 2.26 1.54 3.27 








Observations 126 126 126 126 
Post-Asian financial crisis period 
Mean 6.91 7.36 -0.48 5.14 
Median 6.92 7.37 -0.44 5.14 
Std. Dev. 0.18 0.18 0.24 0.24 
Skewness -0.16 -0.02 -0.02 0.69 









Observations 289 289 289 288 
 
Note:   ***, **, * denote significant at 1%, 5% and 10% significance level 
P-values are reported in parentheses  
 
According to Table 4.1, the highest weekly mean log price is recorded from 
Hong Kong during the post-Asian financial crisis period which is 7.36. The weekly 
 92
mean log prices in Singapore, Hong Kong and Taiwan are positive for all the periods, 
whereas the weekly mean log price in Korea is negative for all the periods. 
The risk measured by the standard deviation is small and positive in all the 
countries for all the periods. The highest standard deviation recorded is from Hong 
Kong during the pre-Asian financial crisis period, which is 0.5 and the highest 
standard deviation for Singapore and Taiwan are recorded from the pre-Asian 
financial crisis period while Korea indicates the highest standard deviation during the 
financial crisis period.    
  The skewness of the weekly log price index of Singapore, Hong Kong and 
Korea are negative during the entire sample period and all the sub-sample periods, 
while skewness the weekly log price index in Taiwan is positive during the entire 
sample period and all the sub-sample periods. The highest skewness from Taiwan 
which is 0.69 was recorded during the post-Asian financial crisis period.  
According to the descriptive statistics, the highest kurtosis recorded from 
Korea was during the entire sample period. The weekly log price index indicates that 
the highest kurtosis for Singapore was during the financial crisis period and the 
highest kurtosis for Hong Kong was during the entire sample period. The highest 
kurtosis for Taiwan is recorded from the pre financial crisis period. 
High significant values of J.B statistics reveal non-normal distribution of 
weekly price indices for all the countries in all the periods except for Hong Kong 
during the financial crisis period.  
Further, the behavior of weekly log price indices is examined by plotting them 
as graphs. Figures 4.1, 4.2, 4.3 and 4.4 show the behavior of the weekly log price 
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Figure 4.4 The Behavior of Weekly Log Price Index – Taiwan 
 
According to Figures 4.1 and 4.3, the weekly log price indexes of Singapore 
and Korea sharply declined during the 1997 Asian financial crisis period reflecting the 
bad effects of the 1997 Asian financial crisis on stock markets of these countries. The 
weekly log price index in Hong Kong decreased slightly compared to other newly 
developed countries during the financial crisis period reflecting least effects of the 
1997 Asian financial crisis on the stock market of Hong Kong.  According to Figure 
4.4, the weekly log price index in Taiwan has highly fluctuated over the sample 
period. Although the weekly log price index in Taiwan did not sharply decline during 
the financial crisis period, it declined around year 1990-91 and 2000-01. This implies 
that it took some time to transmit the effects of the 1997 Asian financial crisis to 
Taiwan.  However, the factors such as exchange rate that we did not consider also 
may have also affected the behavior of stock price indices during these periods. 
We further examined the behavior of weekly log returns of the stock markets 
in NDCs to get a better understanding of these markets. The descriptive statistics of 
weekly log returns are presented in Table 4.2. 
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Table 4.2 Descriptive Statistics of Weekly Log Returns  
 
Statistics Singapore Hong Kong Korea Taiwan 
Entire sample period 
Mean 0.09 0.19 -0.03 -0.07 
Std. Dev. 3.22 3.41 5.04 4.72 
Skewness -0.20 -0.51 -0.62 -0.33 
Kurtosis 5.95 4.51 9.49 6.36 








observation 810 810 810 810 
Pre-Asian financial crisis 
Mean 0.18 0.43 -0.12 -0.01 
Std. Dev. 2.66 3.13 3.45 5.24 
Skewness -0.65 -0.74 0.51 -0.40 
Kurtosis 7.30 4.69 6.89 7.01 








observation 395 395 395 395 
1997 Asian Financial crisis period 
Mean 0.09 0.03 0.08 -0.20 
Std. Dev. 5.12 4.76 8.87 3.96 
Skewness -0.06 -0.22 -0.79 -0.04 











Observation 126 126 126 126 
Post-Asian financial crisis period 
Mean -0.04 -0.05 0.03 -0.10 
Std. Dev. 2.83 3.04 4.59 4.26 
Skewness 0.10 -0.46 -0.28 -0.25 











Observation 289 289 289 289 
 
Note:   *** denote significant at 1% significant level 
P-values are reported in parentheses  
 
 
According to the descriptive statistics of weekly log returns, the highest mean 
return which is 0.43, is recorded from Hong Kong during the pre-financial crisis 
period. The mean returns of Singapore and Hong Kong are positive in the entire 
sample period, pre-Asian financial crisis period and Asian financial crisis period and 
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negative in the post-Asian financial crisis period. The weekly mean return for Taiwan 
is negative for all the periods. The weekly log price index of Korea indicates negative 
mean returns during the entire sample period and pre-Asian financial crisis period and 
negative mean return during the financial crisis period and post-Asian financial crisis 
period.    
The highest standard deviation which is 8.87 is recorded for Korea during the 
financial crisis period reflecting high risk during this period. Similarly, Singapore, and 
Hong Kong also had the highest standard deviation recorded during the financial 
crisis period. The risk measured by the standard deviation is higher in Taiwan during 
the pre-Asian financial crisis period than that of other periods. 
The highest skewness of weekly log returns recorded from Korea during the 
pre-Asian financial crisis period. The skewness is negative for all the remaining 
countries for all the periods except for the post-Asian financial crisis period for 
Singapore.  
The highest kurtosis recorded for Korea was during the entire sample period 
which is 9.49. Moreover, regarding the peakedness of the distribution measured by 
the kurtosis was leptokurtic (k.3) for all markets for the entire sample period and all 
the sub-periods. 
The low p-value of the J.B statistics indicate that the weekly log returns series 
are non-normally distributed in all the countries for all the periods except Singapore, 
Hong Kong and Taiwan during the financial crisis period.  
Figures 4.5, 4.6, 4.7 and 4.8 illustrate the behavior of weekly log returns of 
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Figure 4.8 The Behavior of Weekly Stock Return –Taiwan 
 
 
According to the above figures the standard pattern of stock returns can be 
observed. The returns fluctuate over time and tend to ‘cluster’. The stock returns are 
highly volatile over the sample period. However, the stock returns in Singapore, Hong 
Kong and Korea were highly volatile during the financial crisis period compared to 
other periods. The stock returns in Taiwan are highly volatile in 1990-91 and in 2000-
01 compared to other years. 
The correlation coefficients of these countries are used to identify the strength 
and the direction of the relationships between these stock markets. The correlation 
coefficient is a measure that shows the degree of relationship between two variables. 
Table 4.3 provides the correlation coefficients of weekly log price index between the 
SES and other equity market for the entire sample period and all the sub-periods. 
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Table 4.3 The Correlation Coefficients of Weekly Log Price Index between the 
SES and Stock Markets in Newly Developed Countries 
  






 Post financial 
crisis period 
Hong Kong 0.77 0.95 0.96 0.87 
Korea 0.36 0.40 0.91 0.71 
Taiwan 0.38 0.38 0.57 0.80 
 
According to Table 4.3, the highest correlation coefficient recorded for Hong 
Kong was during the financial crisis period, reflecting more economic and financial 
integration between Singapore and Hong Kong during this period. Further, this may 
be because economic and political links between Singapore and Hong Kong are much 
higher than other countries. The correlation between Singapore and Korea is higher in 
the financial crisis period compared to the other periods. The correlation coefficient 
between Taiwan and Singapore reveals a high correlation between these two countries 
during the post-Asian financial crisis period relative to the other periods. Further, the 
correlation coefficients between Singapore and Korea, as well as Singapore and 
Taiwan have dramatically increased after the Asian financial crisis. However, the 
correlation coefficient between Singapore and Hong Kong was much higher during 
the pre-Asian financial crisis period compared to the other countries in this period. To 
summarize, it is evident that the interdependence among international stock markets 




4.4.1 The Data 
Weekly equity market indices14 obtained from the Data Stream data base for 
four markets, namely, Korea, Taiwan, Hong Kong, and Singapore are employed in 
this chapter. The indices utilized are Korea Composite Index, Taiwan Weighted Index, 
Hong Kong Hang Seng Index, and Singapore SST Index. The weekly price indices for 
the period 1st January 1990 to 15th July 2005 are utilized for each country. The weekly 
price indices of these markets are transformed into natural logarithms for more 
convenient interpretation. The use of weekly data is preferable to daily and monthly 
data. Using weekly data avoids the problem of ‘too much noise’, and daily and 
monthly data may be affected by the day-of-the-week effect and month-of-the-year 
effect, respectively. Further, to investigate the effects of the 1997 Asian financial 
crisis the entire sample period is divided into three sub period, as the pre-Asian 
financial crisis period, the 1997 Asian financial crisis period and the post-Asian 
financial crisis period.  
 
4.4.2 Unit Root Test 
The stationarity of time series are tested by performing the Augmented 
Dickey-Fuller (ADF) test (Dickey and Fuller, 1981). In this context, the following 














10                                                     (4.2) 
                                                 
14  Since weekly and daily returns are in stationary process, we used weekly price indices to analysis 
the long-run relationship and short-run dynamics of these countries. 
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where Yit denotes the index for the i-th country at time t, YYY ititit 1−−=∆ , the t is a 
time trend term and α0i is the constant, the coefficient for the trend term is . α1i and δij 
are coefficients that are to be estimated. P is the number of lagged terms and εit is the 
error term which is white noise.  
The null hypothesis of unit root (H0; θ1=0), against the alternative hypothesis 
of no unit root (Ha; θ1 < 0), is tested on the series of each country both on the entire 
sample and on the sub-sample periods. If a series is found to have a unit root then the 
series is differenced and tested for higher order integration. 
 
4.4.3 Granger Causality Test  
 To determine the relationship between the SES and other stock markets in 
























In this study ∆St is the change in the log price index of the SES and ∆Xt refers to the 
change in the log stock price index of each of the other countries included in this 
chapter. tε  is the error term which is to be white noise. The null hypothesis that X 
does not Granger causes S, H0: γi=0, i=1…p, is tested against the alternative 
hypothesis that X Granger cause S, Ha: at least one γi≠0. Further, the null hypothesis 
of S does not Granger cause to X, H0: λi=0, i=1…p, is also tested against the 
alternative hypothesis that S Granger cause to X, Ha: at least one λi≠0. The F-statistic 
is used to test the null hypothesis.  
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4.4.4 Multivariate Cointegration Tests 
The VAR-based cointegration test developed by Johansen (1988, 1991) is 
employed to examine the long-run relationship between the SES and other stock 
markets in NDCs by looking for the existence of potential linear combinations 
amongst them.  The cointegration refers to a linear combination of non-stationary 
variables (Enders, 1948).  The presence of cointegration in the four dimensional 
vectors of share price indices in natural log form (LS, LH, LK, LT)15 is tested for 
potentially multiple cointegration vectors. The theoretical model builds as follows:  
Consider a vector Yt that contains p lags are integrated of order one, I(1), then 
the VAR of order p can be written as  
εµ tptPttt YYYY ++−++−+−= ΦΦΦ LL2211       (4.5) 
where µ is a vector of intercept terms. Cointegration implies that 
( ) ΦΦ −−−=Φ pnI LL11  is a singular matrix. If the rank of Ф(1) is r then it can be 
written as  
( ) βα ′=Φ 1          (4.6) 
where α and β are (n.r) matrices each with rank r. 
The optimum number of lags to be included in the VAR model is decided on 
the basis of the Likelihood Ratio test (LR). The likelihood ratio test statistic is 
asymptotically distributed as χ2 with degrees of freedom equal to the number of 
restrictions which is equal to the number of the coefficients of the lag terms that are 
potentially excluded from the model. The null hypothesis of p number of lags against 
the alternative p+1 is tested from LR test statistics and the optimum number of lags to 
                                                 
15 LS denotes the log weekly price index of Singapore 
 LH denotes the log weekly price index of Hong Kong 
LK denotes the log  weekly price index of Korea 
LT denotes the log weekly price index of Taiwan 
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be included in the model is decided when the null hypothesis is not rejected. The test 
statistic and the test is carried out as follows: 
( ) ( ){ }( ) log det log detr uLR T m= − Ω − Ω         (4.7) 
where det Ωr and det Ωu are the determinants of the restricted and unrestricted 
covariance matrices, respectively. T is the number of observations, and m is the 
number of parameters in the unrestricted equation under the alternative hypothesis. 
Alternatively the lag length p can be selected using the multivariate generalizations of 
the AIC. 
Following the same procedure that we used for the ADF regression (4.5) can 
be written as  
εµρ ttIptIpttt YYYYY ++−+−−∆−++−+−∆= Γ∆ΓΓ 1)(2211 LL  (4.8) 
where ΦΦΦ +++= pLL21ρ ,  
( )ΦΦΦΓ ++=++−= piii LL21  for i = 1,2,…..ρ-1. By subtracting Yt-1 from both side 
of (4.7) , equation (4.8) was obtained. 
εα ttptpttt YYYYY ++−Π+−−∆−++−∆+−∆=∆ ΓΓΓ 1)1(11211 LL  (4.9) 
Where ( ) ( ) ( )121 Φ−=−−−−−=−−=Π ΦΦΦ pnn II LLρ  
Two alternative test statistics, namely the trace test statistic (λtrace) and the 
maximum eigenvalue test statistic (λmax) were used to determine the number of 
cointegrating vector. The two statistics are given as follows. 









= − −∑       (4.10) 
where T is the number of observations, iˆλ  is the ith largest eigenvalue of the estimated 
from Johansen method. The trace statistic is used to test the null hypothesis of the 
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number of r or less than r cointegrating relations against the hypothesis of more than r 
cointegrating relations. 
The maximum eigenvalue statistic is used to test the null hypothesis of r 
cointegration relations against the alternative of r+1 cointegration relations and the 
test statistic is given as: 
( )max 1ˆln 1  rTλ λ += − −  (4.11) 
for r=0, 1, 2, …n-1. 
 
A principal feature of cointegrated variables is that their time paths are 
influenced by the extent of any deviation from long-run equilibrium. After all, if the 
system is to return to long-run equilibrium, the movements of at least some of the 
variables must respond to the magnitude of the disequilibrium. If the gap between the 
long-run relationship between long and short term rates is “large” relative to the long 
run relationship, the short-term rate must ultimately rise relative to the long-term rate 
(Enders 1948). The dynamic model implied this characteristic is Error Correction 
Model (ECM). Model can be reparameterised to obtain the VECM as describe in 
follow. 
Substituting (4.6) into (4.9) the ECM can be obtained. The ECM is represented as 
follows, 
( ) εφβα ttptpttt YYYYY ++−′−−−∆−++−∆+−∆=∆ ΓΓΓ 01)1(11211 LL       (4.12) 
where Y tβ ′  represents the r cointegrating relations and α is the matrix of 
adjustment coefficients.  Yt is a column vector of the four stock price indices (in logs) 
and ∆Yt is defined as difference of stock markets indexes ; φ  is an (n x 1) column 
vector of constant terms;. εt is an (n x 1) vector of white noise error term. When there 
are multiple cointegrating vectors, any linear combination of these vectors is also a 
 105
cointegrating vector. It is often possible to identify separate behavioural relationships 
by appropriately restricting the individual cointegrating vectors. It is important to note 
that if there are r cointegration relationships in an n variable system, there exists a 
cointegrating vector for each sub set of (n-r+1) variables. 
 
4.5 Results and Discussion 
4.5.1 The Unit Root Test Results 
To examine the long-run relationship between SES and other stock markets in 
NDCs, the series first needs to be tested for stationary property. The use of non-
stationary data can lead to spurious regressions. If two variables are integrated, a 
regression of one on the other could have a high R2 and significant coefficient 
estimates even if the two are totally unrelated. In this case the standard assumptions 
for asymptotic analysis will not be valid. The ADF test was employed for both levels 
and the first difference of weekly log price index.  Tables 4.4 and 4.5 present the 




Table 4.4 The Unit Root Tests for Weekly Log Price Series (Level)* 
 
Country  Entire sample Pre-crisis Financial  crisis Post-crisis 


































































Mackinnon critical values for rejection of a unit root are reported in parentheses  
* The null hypothesis of unit root process cannot be rejected at 1% critical value in all the cases.  
c- Intercept 




Table 4.5 The Unit Root Tests for Weekly Log Price Series (First Difference) *  
 
Country  Entire sample Pre-crisis Financial crisis Post-crisis 


































































Mackinnon critical values for rejection of a unit root are reported in parentheses  
* The null hypothesis of unit root process is rejected at 1% critical value in all the cases.  
c- Intercept 
ct-Intercept and trend  
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  The ADF test is applied to both the original series and the first differences of 
the series (change in natural log value which is approximately a proportionate change) 
to determine the order of integration for the entire sample as well as each of the sub-
period. The unit root is tested both with drift parameter, and with trend and drift. The 
results in Table 4.4 suggest the presence of a unit root in the series in levels at 1% 
significance level for all the countries during all the periods. However, the null 
hypothesis of the series being a unit root process is rejected for the first differences of 
the series at 1% significance level for all markets in the entire sample period and sub-
sample periods. The ADF test results suggest that changes in logarithmic of stock 
price index are stationary while their levels are non-stationary. Therefore, the weekly 
indices in all equity markets are found to be integrated of order one or I(1) process. 
 
4.5.2 The Results of the Granger causality Test 
 Further, the Granger Causality test was carried out to check the relationship 
between these countries during the entire sample period and the sub-periods. The 
results of the Granger Causality test are presented in Table 4.6. The lag structure was 
selected based on the AIC (Akaike, 1974). 
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Table 4.6 The Results of the Granger Causality Test 
 




Singapore and Hong Kong 
Entire period Hong Kong does not GC to Singapore 5.41 0.00* 
 Singapore does not GC to Hong Kong 0.15 0.85 
Pre crisis period Hong Kong does not GC to Singapore 1.92 0.14 
 Singapore does not GC to Hong Kong 0.69 0.50 
Financial crisis period Hong Kong does not GC to Singapore 4.01 0.02** 
 Singapore does not GC to Hong Kong 1.88 0.15 
Post  crisis period Hong Kong does not GC to Singapore 1.37 0.25 
 Singapore does not GC to Hong Kong 0.38 0.68 
Singapore and Korea 
Entire period Korea does not GC Singapore 2.45 0.08* 
 Singapore does not GC Korea 3.30 0.03** 
Pre crisis period Korea does not GC Singapore 1.29 0.27 
 Singapore does not GC Korea 0.46 0.63 
Financial crisis period Korea does not GC Singapore 4.80 0.00* 
 Singapore does not GC Korea 0.93 0.39 
Post  crisis period Korea does not GC Singapore 1.51 0.22 
 Singapore does not GC Korea 2.79 0.06*** 
Singapore and Taiwan 
Entire sample period Taiwan does not GC Singapore 1.90 0.14 
 Singapore does not GC Taiwan 8.39 0.00* 
Pre crisis period Taiwan does not GC Singapore 1.00 0.36 
 Singapore does not GC Taiwan 5.43 0.00* 
Financial crisis period Taiwan does not GC Singapore 4.04 0.02** 
 Singapore does not GC Taiwan 1.04 0.35 
Post crisis period Taiwan does not GC Singapore 0.33 0.71 
 Singapore does not GC Taiwan 6.55 0.00* 
  
Note:   *, **, *** significant at 1%, 5% and 10% significance level respectively 
 
 
According to the results of the Granger Causality test, the null hypothesis that  
the stock market of Hong Kong does not granger cause to the stock market of 
Singapore is rejected for the entire sample period and the Asian financial crisis period 
at 1% significance level and at 5% significance level respectively. This implies that 
there is a spill-over effect from Hong Kong to Singapore during the entire sample 
period. Further, these results reflect the presence of causality effects from Korea to 
Singapore during the entire sample period and financial crisis periods and presence of 
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causality effect from Singapore to Korea during the entire sample period. The results 
confirm the presence of a causality effect between Singapore and Taiwan during the 
financial crisis period at 5% significance level.  The results of Granger causality test 
indicate a causality effect from Singapore to Taiwan during the entire sample period, 
pre-Asian financial crisis period and post- Asian financial crisis period. 
Overall results indicate causality effects between SES and other stock markets 
in NDCs during the Asian financial crisis period compared to the other periods. The 
financial and economic instability during this period may lead causality effect in these 
stock markets. Further, shocks in one country easily transmit to the other countries 
during these periods because of instability of economic condition.  
 
4.5.3 The Results of the Multivariate Cointegration Test 
The multivariate cointegration test is carried out to examine the long-run 
relationship between SES and other stock markets in NDCs for the entire sample 
period and all the sub-periods. The appropriate lag structure was selected according to 
the AIC and LR test. According to these criteria, VAR(1) model is the best model for 
the entire sample period and sub-sample period. The results of the cointegration rank 
tests are presented in Table 4.7.    
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Table 4.7 The Results of the Johansen Cointegration Test  
 
Trace statistic Max-Eigen statistic Hypothesized No. of CE (S) 
Entire sample period 
  H0 H1 
71.09 (0.01) 37.35 (0.01) r=0 r≥ 1* 
33.74 (0.30) 20.58 (0.21) r=1 r≥ 2 
13.16 (0.72) 7.45 (0.86) r=2 r≥ 3 
5.70 (0.49) 5.70 (0.49) r=3 r≥ 4 
Pre-financial crisis period 
37.48 (0.32) 20.24 (0.32) r=0 r≥ 1 
17.24 (0.62) 14.05 (0.36) r=1 r≥ 2 
3.19 (0.95) 3.05 (0.14) r=2 r≥ 3 
0.13 (0.70) 0.13 (0.70) r=3 r≥ 4 
Financial crisis period 
56.34 (0.00) 28.03 (0.04) r=0 r≥ 1* 
28.30 (0.07) 16.34 (0.20) r=1 r≥ 2 
11.96 (0.15) 11.07 (0.15) r=2 r≥ 3 
0.007 (0.34) 0.89 (0.34) r=3 r≥ 4 
Post-financial crisis period 
51.46 (0.02) 34.60 (0.00) r=0 r≥ 1* 
16.85 (0.65) 10.66 (0.68) r=1 r≥ 2 
6.19 (0.67) 4.11 (0.84) r=2 r≥ 3 
2.08 (0.14) 2.08 (0.14) r=3 r≥ 4 
 
Note: *denotes the rejection of the null hypothesis at the 5% significance level 
     Mackinnon-Haug-Michelis (1999) p-values are reported in the parentheses  
 
 
According to the Johansen cointegration rank test we found only one cointegrating 
equation for the entire sample period and all the sub-sample periods, except the pre- 
Asian financial crisis period. These results imply the presence of a long-run 
equilibrium relationship between the SES and other stock markets in NDCs for the 
entire sample period and sub-sample periods except for the pre- Asian financial crisis 
period.  
The estimated cointegrating vector β, normalized with respect to the variable LS, 
based on the largest eigenvalue, yield the following cointegrating relationships. 
Equations (4.12), (4.13) and (4.14) present the cointegrating relationships between the 
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SES and other stock market for the entire sample period, the financial crisis period 























−= LTLH LKLS      (4.14) 
(t-values are presented in parentheses) 
 
Since the variables are in natural log form, the coefficients of the above 
equations can be interpreted as long-term elasticities.  According to these equations 
the log price index of Hong Kong is negatively related to the log price index of 
Singapore for the entire sample period, the  Asian financial crisis period and the post- 
Asian financial crisis period implying that Singapore has a negative long-run 
relationship with the stock market of Hong Kong. Further, these equations indicate 
that log price index of  Korea is negatively related to the log price index of Singapore 
for the entire sample period and post- Asian financial crisis period while it is 
positively related to log price index of Singapore for the financial crisis period. The 
log price index of Taiwan is negatively related to the log price index of Singapore for 
the entire sample period whereas it is positively related to log price index of 
Singapore for the financial crisis period and the post- Asian financial crisis period. 
Therefore, it can be inferred that Singapore stock market has a negative long-term 
relationship with the Taiwan stock market during the entire sample period, and 
negative long-term relationship in financial crisis and the post- Asian financial crisis 
period. 
 Since there were cointegrating relationships between the SES and other stock 
markets in NDCs in the entire sample period, the financial crisis period and post- 
 113
Asian financial crisis period, the ECM is carried out to find the short-run dynamics of 
these periods. The results of the ECMs are presented in Tables 4.8, 4.9 and 4.10 for 
the entire sample period, the financial crisis period and for the post-financial crisis 
period respectively. 
Table 4.8 The Results of the Error Correction Model-The Entire Sample Period 
 



















































Note:   ***, **, * denote the significant at 1%, 5% and 10% significant level 




Table 4.9 The Results of the Error Correction Model-The Financial Crisis Period 
 



















































Note:   ***, **, * denote the significant at 1%, 5% and 10% significant level 
            P-values are reported in parentheses 
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Table 4.10 The Results of the Error Correction Model-The Post Financial Crisis 
Period 
 



















































Note:   ***, **, * denote the significant at 1%, 5% and 10% significant level 
            P-values are reported in parentheses 
 
 
As expected, the speed of adjustment coefficients for the entire sample period, 
the financial crisis period and the post-Asian financial crisis period are negative and 
significant. About 5% disequilibrium error is corrected each week in the entire sample 
period in relationship with stocks markets in the other NDCs. About 10% and 11% 
disequilibrium error is corrected each week in relationship with stock markets in the 
other NDCs in the financial crisis period and the post-Asian financial crisis period 
respectively. These results imply that change in the log of the price index of the SES 
is comparatively higher in the post-Asian financial crisis period than that of the other 
two periods. 
The close economic and political links among these countries may have 
caused the co-movement between the SES and other stock markets in NDCs in these 
periods. Liberalization of economic and financial policies in these periods may also 
lead to long-run integration between these countries. Further, economic integration, 
economic relationships, exchange rate policy, regulatory structures and trade flows 
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may also have affected the long-run relationship between these countries especially 
during the Asian financial crisis period and post-Asian financial crisis periods.   
 We cannot see any long-run relationship between SES and other stock 
markets in NDCs during the pre-Asian financial crisis period since most of these 
countries had implemented restrictions on investment and there were some political 
barriers during this period. Further, Hong Kong was a colony of the U.K until 1997, 
this may cause for lack of relationship with other regional countries during this period. 
 
4.6 Conclusion 
The long-run and the short-run relationships between the SES and other stock 
markets in NDCs are investigated in this chapter. Further, effects of the 1997 Asian 
financial crisis on financial market integration in these countries are also examined by 
dividing sample period into three sub-periods. Weekly data from January 1990 to July 
2005 are employed in this study. 
The descriptive statistics of weekly log returns and weekly log price indices 
indicate that the series are non-normally distributed. Further, these statistics reveal 
that the risk measured by the standard deviation is higher in the Asian financial crisis 
period and post- Asian financial crisis period than that of pre- Asian financial crisis 
period. 
The correlation between the Singapore stock market and the Hong Kong stock 
market are higher in financial crisis period than that of the other countries and the 
other periods. The 1997 Asian financial crisis has caused an increase in the correlation 
between the SES and other stock markets in NDCs countries. 
The ADF test revealed that the weekly log price indexes are non-stationary 
while its first difference is stationary.  The degree of correlation between the SES and 
the other stock markets in NDCs are examined using correlation coefficients. The 
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correlation coefficients indicate that the degree of correlation between the SES and 
the other stock markets in NDCs has relatively increased during the Asian financial 
crisis period and the post-Asian financial crisis period.  
 According to the Granger Causality test, Hong Kong has Granger causal effect 
to Singapore during the financial crisis period as well as Korea has a Granger causal 
effect on Singapore during the entire sample period and financial crisis period. There 
is a causality effect from Singapore to Korea during the entire sample period and post-
Asian financial crisis period. Further, the Granger Causality test indicates that Taiwan 
has significant Granger causality effect on Singapore during the Asian financial crisis 
period and Singapore has causality effect to Taiwan during the entire sample period, 
pre-Asian financial crisis period and the post-Asian financial crisis period.  
The multivariate cointegration test indicates the presence of a long-run 
relationship between SES and other stocks markets in NDCs during the entire sample 
period and all the sub-sample periods except the pre-Asian financial crisis period. 
Further, ECMs are carried out to find the short-run dynamics in the cases where we 
found a long run relationship. As expected, Error Correction Terms (ECTs) are 
negative and significant  
 The evidence suggests that the stock markets of these countries were strongly 
linked in the period preceding the Asian crisis of mid 1997. The presence of a long-
run relationship between the SES and other stock markets in NDCs countries reveals 
the close economic and political relationship between Singapore and the other NDCs 
during these periods. The reasons for the absence of a long run relationship between 
the SES and other stock markets in NDCs during the pre-Asian financial crisis period 
are because there were some restrictions on investments, the existence of political 
barriers and Hong Kong was a colony of the U.K. during this period. 
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  The findings of this analysis are important for international portfolio 
management. The presence of a long run relationship between the SES and other 
stock markets in NDCs has revealed the importance of these countries to diversify the 
























Summary and Conclusion 
5.1 Introduction 
  Financial markets play an important role in an economy. In recent years the 
rapid growth of equity markets in emerging economies has attracted the attention of 
researchers, policy makers and financial planners. Due to competitive rates of return 
and overall benefits for portfolio diversification the emerging markets are considered 
to be an attractive source of investment opportunity for foreign investors. The 
emerging stock markets of NDCs attract the attention of many researchers due to fast 
economic growth of these countries and the high returns of these stock markets. 
However, the Asian financial crisis which started in 1997 has badly affected most of 
these countries since financial markets are highly integrated with each other.  
Although many researchers have examined the different aspects of the SES it 
is hard to find any research that examine the stock market anomalies, stock market 
volatility and  the integration of the SES with stock markets of other NDCs taking 
into account the effects of the 1997 Asian financial crisis. Therefore, this study 
attempts to fill this gap in knowledge by providing a comprehensive investigation of 
the behavior of the SES including the effects of the 1997 Asian financial crisis on 
stock market anomalies, stock market volatility and stock markets integration. Hence, 
this study has significant contribution to the financial market literature as well as the 
findings of this study provide useful information for policy makers to implement new 





5.2 Overall Conclusion 
The existence of stock price anomalies in the SES especially the day-of-the-
week effect and the monthly effect were investigated using daily returns from 1st 
January 1991 to 31st December 2004. To examine the effects of the 1997 Asian 
financial crisis on stock market anomalies the sample period was divided into three 
sub-periods; namely, the pre-Asian financial crisis period, the Asian financial crisis 
period and the post-Asian financial crisis period. 
The descriptive statistics of the daily return series revealed that mean returns 
are positive and risk measured by the standard deviation increased during the financial 
crisis period. The presence of excess kurtosis and highly significant J.B statistic 
indicate that the returns are non-normally distributed as found in many other emerging 
stock markets implying that investors in the SES are more likely to make positive 
returns.  
Initially, the OLS methodology was employed to investigate the presence of 
the day-of-the-week effect.  According to the OLS model, Monday mean returns are 
negative and significant for the entire sample period and the post-Asian financial 
crisis period. As indicated by many other researchers regarding other stock markets, 
the Friday mean returns are positive for all the periods. However, the Friday 
coefficients are significant only for the entire sample period. The mean returns of 
remaining days are positive except the Tuesday mean return for the financial crisis 
period and the Thursday mean return for the Asian financial crisis period and the post-
Asian financial crisis period. According to the F-statistic the null hypothesis of 
equality of mean returns across the days of the week was rejected for the entire 
sample period and the post-Asian financial crisis period. However, the presence of the 
ARCH effects in the OLS model revealed the inadequacy of the OLS model to 
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analyze the day-of-the-week effect. Therefore, the GARCH family models were 
applied. 
According to the AR(1), GARCH(1,1) model, the Monday mean returns are 
negative for all the periods except the Asian financial crisis period. Similar to the 
results of the OLS model, the Friday mean returns are positive for all the periods and 
significant for the entire sample period and the post-Asian financial crisis period.  
Furthermore, the results of the GARCH model indicates that the Tuesday mean 
returns are negative for the financial crisis period and the post-Asian financial crisis 
period. The Wednesday mean returns are positive for all the period and significant for 
all the periods except the Asian financial crisis period. According to the results, the 
Thursday coefficients are positive for all the periods and significant only for the entire 
sample period and the pre-Asian financial crisis period. Therefore, this analysis 
indicates that the mean returns tend to increase as the week progress with the highest 
returns on the last day of the week. This may explain why the mean returns of the first 
two days of the week are consistently lower than that of the last three day of the week. 
The F-statistic confirms the existence of the day-of-the-week effect for the entire 
sample period and all the sub-periods except the Asian financial crisis period. The 
diagnostic test statistics revealed the adequacy of this model to examine the day-of-
the week effect. High volatility during the financial crisis period may cause for the 
absence of the day-of-the-week effect during the Asian financial crisis period. 
Furthermore, the F-statistic indicates that the day-of-the-week effect have 
significantly declined in the Singapore stock market. After identify the day-of-the-
week effect investors exploit these anomalies, therefore as many academic believe, 
the day-of-the-week anomaly disappear by now.  
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The presence of the day-of-the-week volatility effect was examined using 
AR(1), GARCH(1,1) model. As many researchers have indicated, volatility effects on 
Monday are significantly positive for all the periods. According to this model, 
volatility effects on Friday as indicated by the Friday coefficients are negative for all 
the periods except the pre-Asian financial crisis period. The diagnostic test statistics 
indicate the appropriateness of AR(1), GARCH(1,1) model to analyze the day-of-the-
week volatility effect. 
The monthly effect was examined using the OLS model including twelve 
dummy variables to represent the mean returns in different months. To keep enough 
degrees of freedom the sample period was divided into two periods; namely, the pre-
Asian financial crisis period and the post-Asian financial crisis period. According to 
the findings, the mean return in January is negative for the entire sample period and 
the post-Asian financial crisis period while it is positive for the pre-Asian financial 
crisis period. The mean return in December is positive for all the periods and 
significant only for the pre-Asian financial crisis period.  
 In contrast to previous research, this study indicates that January mean returns 
converted from significantly declined and convert positive to negative over the 
sample period. Further, contradict to the findings in the literature this analysis 
indicates positive and high mean return in December compared to the other months. 
After many researchers pointed out that the stock prices would increase in January, 
most investors purchase stocks before January (most probably in December) and sell 
at the end of the January or after January. Therefore, stock price will depreciate in 
January and appreciate in December. The F-statistic rejects the null hypothesis of 
equality of monthly mean return only for the pre-Asian financial crisis period. The 
most probable reason for the absence of monthly effect for the entire sample period 
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and the post-Asian financial crisis period is, after find out these anomalies most 
investors take advantages from these effects. Therefore, these anomalies may 
diminish in long-run. Hence, it can be concluded that there is no significant monthly 
effect in the Singapore stock market currently.  
The effects of the Asian financial crisis on stock return volatility of the SES 
were also examined in this study using daily return from 1st January 1991 to 31st 
December 2004. The sample period was divided into three sub-periods, namely; the 
pre-Asian financial crisis period, the financial crisis period and the post-Asian 
financial crisis period. The linear and non-linear GARCH models were utilized to find 
out the symmetric and asymmetric behavior of stock return volatility. Furthermore, 
the presence of the leverage effect in the SES was investigated.  
The descriptive statistics of the daily and weekly return series showed that 
mean return in the post-Asian financial crisis period is lower than those of other 
periods. The risk measured by the standard deviation is higher in the Asian financial 
crisis period than that of other periods. Furthermore, it was found that the series were 
non-normal, leptokurtic and highly skewed.  
The GARCH(1,1), TGARCH(1,1), EGARCH(1,1) and GARCH-M(1,1) 
models indicate that the Asian financial crisis has significantly caused an increase in 
the stock market volatility. According to these models, stock market volatility has 
significantly increased during the Asian financial crisis period and the post-Asian 
financial crisis period compare to the pre-Asian financial crisis period. Furthermore, 
the effects of the Asian financial crisis on stock market volatility was examined using 
three dummy variables to represent the three sub-periods (the pre-Asian financial 
crisis period, the Asian financial crisis period, and the post-Asian financial crisis 
period). The GARCH(1,1), TGARCH(1,1), EGARCH(1,1) and GARCH-M(1,1) 
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models were re-estimated including dummy variables to the variance equations. These 
models also indicated the presence of high stock market volatility during and after the 
Asian financial crisis compared to the pre-Asian financial crisis period. Furthermore, 
the TGARCH(1,1) model and the EGARCH (1,1) model indicated the presence of the 
leverage effect in the SES reflecting negative shocks cause higher volatility than 
positive shocks.  In addition, the persistence in volatility and the implied 
unconditional volatility were also higher in the financial crisis period and the post-
Asian financial crisis period than that of other periods. This may be due to arrival of 
bad information and uncertainty about future price following the Asian financial crisis 
period. The high volatility during the financial crisis period and the post-Asian 
financial crisis period are generally characterized by the lower market transparency 
and lower investor protection. Moreover, the diagnostic statistics indicate the 
adequacy of all these models to investigate stock market volatility.  
The final objective of this study was to examine the long-run relationship and 
short-run dynamics between the SES and the stock markets of other NDCs. Weekly 
log price indices of Hong Kong, Korea, Taiwan and Singapore for the period of 1st 
January 1990 to 15th July 2005 were used in this analysis. To capture the effects of the 
Asian financial crisis on stock markets integration the sample period was divided into 
three sub-periods, namely; the pre-Asian financial crisis period, the Asian financial 
crisis period and the post-Asian financial crisis period. 
The ADF test showed that weekly log price indices were non-stationary while 
its first difference was stationary. Also, the correlation coefficient indicated that the 
Asian financial crisis has significantly caused to increase the degree of correlation 
between the SES and the stock markets of other NDCs. 
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The Granger Causality test indicated that Hong Kong has causal effect to 
Singapore during the financial crisis period, Korea has causal effect to Singapore 
during the entire sample period and the Asian financial crisis period and Taiwan had 
causal effect on Singapore during the Asian financial crisis period. 
The Johansen multivariate cointegration test indicated the presence of long-run 
relationship between the SES and the stock markets of other NDCs during the entire 
sample period and all the sub-periods except the pre- Asian financial crisis period. 
Furthermore, negative and significant ECTs reflect the presence of short-run 
dynamics during these periods. Since this analysis did not support the presence of 
long-run relationship between these stock markets before the Asian financial crisis, it 
was evident that the Asian financial crisis significantly affected to increase the 
financial markets integration. The close economic and political relationship between 
these countries may affect for stock markets integration of these countries. 
 
5.3 Policy Implication 
 Based on the findings of this study, a number of policy implications can be 
suggested. It has been well documented in the finance literature that any predictable 
pattern in asset returns may be exploitable and therefore judged as evidence against 
semi-strong efficiency of asset markets.  
The analysis of stock price anomalies shows that the anomalies have significantly 
declined in recent years. According to the F-statistic, the day-of-the-week effect has 
significantly declined recent years. The results also reveal that there has been a 
reversal of January effect over time. The disappearance of the calendar anomalies 
implies that investors may no longer be able to generate abnormal returns by 
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capitalizing on these anomalies. The calendar anomaly results in this study enable 
investors in their investment decision making in Singapore stock market.  
Since the findings of this study indicate the presence of high stock market 
volatility followed by the Asian financial crisis, this study provides useful information 
to policy makers to adjust the existing policies or to implement new policies.  
The presence of a long-run relationship between the SES and the stock markets of 
other NDCs suggests the importance of these countries to diversify the investment. 
 
5.3 Suggestion for Further Research 
  This study examines the behavior of the SES by considering the effects of the 
Asian financial crisis on stock market activities. Therefore, the stock market 
anomalies, stock market volatility and stock markets integration were examined. 
There are many future research can be developed from this research.  
 This study indicates that daily seasonal anomalies have declined and monthly 
seasonal anomalies already disappeared from the Singapore stock market. The scope 
of this study can also be extended to investigate the factors that account for these 
changing patterns of seasonal anomalies. This may helpful to understand the declining 
process is temporary phenomena or persistent.   
In this study, the presence of the seasonal anomalies and stock return volatility 
were analyzed using only the SSTI. Therefore another path is to study the behavior of 
sectoral and individual company indices. More research needs to be done by 
incorporating individual securities and sector indices which may capture stock price 
anomaly and change in volatility more accurately. 
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This study did not include the effect of trading volume in the analysis of the 
stock market volatility. In particular this could be useful for the leverage effect in 
order to explain the difference in volatility. 
This study only considers the long-run relationship and short-run relationship 
between the SES and the stock markets in other NDCs. However, it is important to 
analyze the cointegration relationship between the SES and other majors developed 
countries so as to determine which markets are more important for portfolio 
diversification. 
There were some policy changes and several social and economic conflicts 
have occurred in sample period. But, this study only considers the Asian financial 
crisis. Therefore, it may be useful to analyze the stock market behavior taking into 
account all the policy changes and social and economic conflict to obtain a more 
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Day-of-the-Week Effect –Four Dummy Variables Case 
The return series are modeled as a dynamic OLS model including four dummy 
variables to represent five days (from Monday to Friday).  
ελλλλλ δ ttThtWtTtMtt RDDDDR +−+++++= + 143210  (I.1) 
Rt is the daily return on day t, and DMt through DTht are dummy variables from 
Monday to Thursday, respectively. DMt = 1 if the return on day t is on Monday, 0 
otherwise. DTt=1 if the return of day t is on Tuesday and 0 otherwise and so on. The 
intercept, (λ0), measures the average daily return on Friday. εt is the disturbance term. 
The coefficients of the dummy variables, λ1 through λ4, measure the pairwise 
comparison between the average daily return on Friday and the average daily return 
on Monday to Thursday respectively. Significant values of λi imply significant shifts 
in mean return, confirming the existence of a day-of-the-week effect. The lag value of 
the endogenous variable has been included to capture the dynamics of the process. 
The Wald F test was employed to test the following hypothesis:  
H0: λ1=λ2=λ3=λ4=0 
H1: at least one of the four coefficients ≠ 0 
If the null hypothesis is rejected, then the security returns show evidence of 
some form of the day-of-the-week seasonality. If the mean return is similar for each 
day of the week, then the estimates λ1 through λ4 will be close to zero and the F-
statistics should be insignificant. The same regression is repeated for the entire sample 
period and for the sub-periods to detect whether the day-of-the-week effect is 








































































































Note: *** Significant at 1% significance level 
** Significant at 5% significance level 
* Significant at 10% significance level 
P-values are reported in parentheses  
N-Number of observations 
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The results of the above Table (Table I-1) are not discussed here, since the results 
are similar to the results of Table 2.2 (the OLS regression model with five dummy 
variables) in section 2.3.2. Only the results of the Wald F test are discussed here. 
According to the Wald F test, the null hypothesis of equality of mean returns across the 
days of the week was rejected for the entire sample period and the post-financial crisis 
period, reflecting the presence of the day-of-the-week effect in these periods.  
Since the ARCH-LM test indicates the presence of the ARCH effect in this model, 
the results of this model are bias. Therefore, the AR(1), GARCH(1,1) model is carried 
out to check the presence of the day-of-the-week effect with four dummy variables.  The 
estimated model is as follows; 
ελλλλλ δ ttThtWtTtMtt RDDDDR +−+++++= + 143210  
ε t ~ N(0, ht) and the conditional variance of εt is given by    (I-2) 
hh ttt 11
2
110 −+−+= βεαα  
Rt is the return of the SST index on day t and εt is the random error. 
1,, =DD FtMt KK , are dummy variables identifying Monday to Friday observations, 




Table I-2 Test for Equality of Mean Returns across Days of the Week-AR(1),GARCH(1,1) Model with Four Dummy Variables 
 


































































































Note: *** Significant at 1% significance level 
**   Significant at 5% significance level 
*     Significant at 10% significance level 
P-values are reported in parentheses 
N-Number of observations
 140
The results of the above Table (Table I-2) are similar to the results of Table 2.3 
(model 2.3, the AR(1), GARCH(1,1) model with five dummy variables) in section 
2.3.3. Therefore, the results are not discussed here except the results of the Wald F-
test. The results of the Wald F-test indicate the presence of the day-of-the week 
effect in the entire sample period and all the sub-periods except the financial crisis 






















Monthly Effect-Eleven Dummy Variables Case 
  The OLS regression model (model 2.5) which estimated in section 2.4.2 was 
re-estimated including eleven dummy variables to represent the twelve months. The 
estimated model is as follows, 
ελλλλ ttttt DDDR ++++= + 111122110 LLL     (II-1) 
 λ0 is the mean return in December. D1t,…D11t, are dummy variables identifying 
January to November observations, respectively. 
Using the model (II-1) the null hypothesis of equality of mean return across 
the months  
H0; λ1 = λ2 = …=λ11= 0 
are tested against the alternative hypothesis 
H1; At least one of eleven coefficient are not equal to zero 
 If the mean return is similar for each month, then the estimated λ1 through 
λ11 will be close to zero and the F-statistics will be insignificant. If the null 
hypothesis is rejected then the stock returns must exhibit some form of monthly 
seasonality. 










Table II-1 The Results of the OLS Regression Model with Eleven Dummy 
Variables- Monthly Effect  
 
Coefficients Entire sample Pre-crisis Post-Crisis 
λ0 0.15 (0.11) 0.26 (0.00)*** 0.06 (0.66) 
λ1 -0.18 (0.18) -0.20 (0.12) -0.19 (0.41) 
λ2 -0.07 (0.56) -0.17 (0.17) -0.01 (0.96) 
λ3 -0.26 (0.05) -0.42 (0.00)*** -0.13 (0.57) 
λ4 -0.02 (0.88) -0.10 (0.42) 0.03 (0.87) 
λ5 -0.21 (0.11) -0.12 (0.36) -0.33 (0.14) 
λ6 -0.17 (0.20) -0.41 (0.00)*** 0.03 (0.87) 
λ7 -0.15 (0.28) -0.28 (0.03)** -0.04 (0.86) 
λ8 -0.21 (0.12) -0.19 (0.14) -0.22 (0.32) 
λ9 -0.20 (0.13) -0.22 (0.09)* -0.19 (0.39) 
λ10 -0.04 (0.76) -0.17 (0.21) 0.05 (0.81) 
λ11 -0.01 (0.92) -0.19 (0.15) 0.12 (0.58) 
Wald F-statistics 0.93 (0.50) 1.80 (0.07)* 0.72 (0.71) 
LB-Q5 2.68 (0.74) 4.74 (0.44) 4.53 (0.47) 
LB-Q24 32.48 (0.12) 27.36 (0.28) 32.87 (0.11) 
 
Note: ***,**,* Significant at 1%,5%, and 10% significance level respectively 
P-values are reported in parentheses  
 
Since the results of Tables II-1 and 2.8 (model 2.5.  The OLS regression 
model with twelve dummy variables) are same, the results that illustrated in Table 
II-1 are not discussed here. Only the results of the Wald F-statistic reported in Table 
II.1 are discussed. According to Table II-1, the Wald F-statistic rejects the null 
hypothesis of equality of monthly mean returns at 10% significance level only for 
the pre-financial crisis period. Therefore, evidence from the sample suggests that the 









The Results of the Higher Order GARCH Models 
To select the appropriated model to analyze stock market volatility in Singapore 
stock market different models are estimated. Some of the estimated models are as 
follows, 
AR(3), GARCH(1,1) 
εφφφφ ttttt RRRR +−+−+−+= 3322110      (III-1) 
hh ttt 11
2
110 −− ++= βεαα  
AR(3), GARCH(1,1) Model 
εφφφφ ttttt RRRR +−+−+−+= 3322110      (III-2) 
dhh ttttt 12 111
2
110 −−+−+−+= εβεαα γ  
AR(3),EGARCH(1,1) Model 
εφφφφ ttttt RRRR +−+−+−+= 3322110  

















εδεδβα     (III-3) 
AR(3), GARCH-M(1,1) Model 
εφφφφ θ tttttt hRRRR ++−+−+−+= 23221110     (III-4) 
hh ttt 11
2




Table III-1 The Results of the Higher Order GARCH Model-Entire Sample Period 









































































- - - 
 
P-values are reported in parentheses  
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 According to Table III-1 only AR(1) coefficient is significant in each model. 
Therefore, the AR(1) model is better than higher order models to analyze the volatility 
in the SES. 
Furthermore, the higher order models were estimated for sub-periods also. But 
according to the results the AR(1) process is better than other higher models for all 
the sub-periods. The results of the AR(2), GARCH(1,1) model are illustrated in Table 
III-2. 
 
Table III-2 The Results of the AR(2), GARCH(1,1) Model-For Sub-Periods 








































p-values are reported in parentheses   
According to the results of Table III-1 and III-2, the higher order models are 
not appropriate to analyze the volatility in the SES in the sample period that 
considered in this study. 
 
 
 
 
